5 processes are carried out 
economically in ‘Surface’ ALL- 
CASE Furnaces: case carburiz- 
ing, dry cyaniding, cleam 
ening, 
carbon 


treat 
shops must have flexibility « of processes and temperatures. All this is possible, 
and high production too, in the ‘Surface’ ALLCASE batch-type furnace. PRODUCTION 


High heating rates: Up to 200 Ibs. per hr. of work per sq. ft. of hearth 
area, Gross furnace charges up to 1600 Ibs. can be processed. Operating temperature range is 
1375-1750°F, Heating: ALLCASE furnace features radiant tube heating with inherent advan- 
tages of forced convection. High speed fan recirculates atmosphere gases to provide uniform 
heating of dense loads, uniform case depth within the loads, and increased heating rates. 


Less labor: Actual labor required in furnace operation is roughly 1/2 the time of 1 man. 
Economy of operation: For maximum capacity 
loads while dry cyaniding (to case depths of 


.007-.010-in.) between 1.2-1.5 cu. ft. of 1000 

Btu gas are consumed per Ib. of work treated. 
Write today for reprint 50-E giving AY) ae e 
full information on the ‘Surface’ 


ALLCASE Furnace. 


INDUSTRIAL 
FURNACES 


SURFACE COMBUSTION CORPORATION e¢ TOLEDO 1, OHIO 
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Thermalloy* “30”—a 21% Cr 9% Ni alloy—has outstanding 
aged ductility characteristics and hot strength equal to that of 
25°, Cr 12°% Ni type alloys. Since its alloy content is lower, 
Thermalloy “30” is also somewhat more economical. 

In tests involving over 100 heats, excellent data has been 
obtained on stress rupture properties, aged ductility, oxida- 
tion resistance and mechanical properties. For additional 
information write for Bulletin T-211. Electro-Alloys Division, 
2093 Taylor St., Elyria, Ohio. 


Improved Ductility— Uniform Strength Levels— Greater Economy — 
THERMALLOY “’30” iad 18% minimum after aging equivalent to and more uniform since quantity of alloying ele- 
| for 24 hours at 1400°F. than 25% Cr 12% Ni types. ments is less than in similar types. 


ELECTRO-ALLOYS DIVISION 


| 


« 
. 
‘ 
FOLDER» 
> 
| 
*Reg. U. S. Pat. Off. 
AMERICA 
OMPANY 
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PUSLIGeED AS Alors LATROBE SERVICE TO TOOL AND DIE STEEL USERS... SHOPMEN, TOOL AND DIE MAKERS, 
POREMEN, ENGueems ... THIS HANDY. POCKETSIZE REFERENCE BOOK GIVES YOU UP-TO.THE-MINUTE INFORMA. 
TION ON EACH OF THIRTY-FIVE OF THE MOST WIDELY KNOWN AND USED TYPES OF TOOL AND DIE STEELS 
PRODUCED BY LATROBE ELECTRIC STEEL COMPANY. 

Eighty-six pagem & x7 , bound in a flexible cover, Handy index tabs for easy selection of: 

this manual ig Gesigned to fit your pocket. Reverse High Speed Steels 

tabs show tables and 
sides of s show es data of practical Non-defo Dic Stecis 


value in everyday practice: 
* Decimal equivalents of one inch 
* Hardness, temperature and millimeter Shock Resisting Steels 
conversion tables Die Casting Die Steels 
* Weights, by size, of hot rolled round bars, Water Hardening and Carbon Steels 
drill rod, flat and square bars. This manual is yours for the asking . . . 


USE THE COUPON BELOW — TOD 


++ + + + 


LATROBE ELECTRIC STEEL COMPANY, Latrobe, Pa. 


Gentlemen: Please send me, at once, your tool and die steel 
manual at no obligation. MP2 


YORK, 


— 
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Scientists have long known 
that the electrical resistance 
of a piece of steel will change 
whenever there’s a change in 
the carbon content of the 
metal. This basic fact is now 
being put to work by many 
progressive metallurgists and 
heat-treaters. For L&N has applied the prin- 
ciple in a brand-new Primary Element called 
a Carbohm. In use, a Carbohm projects into 
the heat-treating furnace . . . looks rather like 
a thermocouple. 
active carbon in the furnace gas begins to in- 
crease or decrease, the Carbohm detects the 
change. An automatic controller connected 
to the Carbohm throttles the carbon supply 
up or down, to keep the furnace gas at desired 
strength. And a Micromax Recorder plots 
the result as easy to read as a record 
of temperature. 


The complete equipment— Carbohm, Con- 
troller and Recorder—is called Microcarb 
Control. Because the furnace and its temper- 
ature control must be designed to meet the 
needs of atmosphere regulation, Microcarb 
can be used only with the Series H Homocarb 
Furnace. It’s our opinion— based on 35 years’ 
experience in making fine heat-treating equip- 
ment- that any heat-treating department 
can do better work with Microcarb than by 
any other known means. And, because Micro- 
carb adds another automatic control to the 
carburizing process, it should enable your 
plant to cut the costs of any carburized, 
mass-produced part or parts. 


LEEDS & NORTHRUP CO. 


Electrical Measuring Instruments Automatic Controls 
Heat-Treating Furnaces 


Jrl Ad TD4-623(5) 


Metal Progress is published and copyrighted, 1951, by American Society 
Issued monthly; 


for Metals, 7301 Euclid Avenue, Cleveland, Ohio. 


SCIENCE NEWS FOR YOUR HEAT-TREAT 


For the first time, plant 
metallurgists can control 
carburizing by direct 
measurement of carbon 
in hot furnace 


Whenever the amount of 


To top management, Microcarb 
means better competitive position 
for the individual company. 

To production executives, 
Microcarb means closer following 
of production schedules, because 
carburizing speeds and results are 
definitely more predictable than 
ever before. 


gases. 


To personnel executives, Microcarb means 
cleaner, more attractive working conditions. 
And, if the heat-treat uses incentive pay, 
Microcarb helps heat-treaters increase their 
earnings, because it makes it easier for 
them to apply their skill and therefore in- 
crease their productivity. 

To metallurgists, Microcarb means some or 
all of the above advantages, plus a tightening 
of technique such as every technician likes. 
“New” or hard-to-handle steels hold fewer 
puzzles. Standard steels emerge with closer 
specifications. The heat-treat takes another 
long step toward becoming a manufacturing 
laboratory. 


Let us send you further facts about this 
new Microcarb Control. Just Check the 
coupon: 


' 4927 Stenton Ave., Phila. 44, Pa. 

| Please send Catalog 1-623; Microcar Control & Homo 
; carb Furnaces 

| Please send Sec. 1 of Catalog 1-623; Microcarb Control 
only 

Fis 


subscriptions $7.50 a year. Entered as second-class matter Feb. 
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7, 1921, 
at the post office at Cleveland, Ohio, under the act of March 3, 1879. 
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Here’s why Super Refractories by CARBORUNDUM 


LINDBERG ENGINEERING CO. 


Shown here is an electrically heated hydryzing furnace used for 
hardening high speed steel in controlled protective atmosphere. 
It operates at temperatures up to 2500° F. It has a CARBOFRAX 
silicon carbide hearth to resist the high temperatures and the 
abrasive action of the charge — also to prevent any spalling or 
cracking. 


W. S. ROCKWELL CO. 


This furnace is used for bright annealing stainless steel in a hydro- 
gen atmosphere. It is fired with gas, the burners being locace j 
underneath the hearth. CARBOFRAX tile are used to support the 
entire length of the alloy muffle because of their durability, high 
heat conductivity, and ability to withstand high temperatures 
without warping. 


Dept. C-121 Refractories Div. 


THE CARBORUNDUM COMPANY 


“Carborundum™ and “Carbofrax” are registered trademarks which indicate manufacture by The Carborunbum Company. 


are used 
in nearly every 
heat-treating furnace 


There's hardly a heat-treating furnace that, some- 
where in the furnace, doesn’t use Super Refractories 
by CARBORUNDUM. 

They're used in hearths and muffles to insure 
rapid and uniform heat transfer — for supports to 
keep the floor level even under heavy loads and at 
high temperatures — for floors to resist punishing 
abrasion — for burner parts and other parts to 


counteract flame erosion, spalling or cracking. They 
improve furnace efficiency, help deliver better 
quality work. 

We have a free booklet which outlines many 
specific applications. You'll find its recommenda- 


tions may prove highly profitable. 


FURNACE ENGINEERS, INC. 


Shown in its raised position is the cover of a cover type 
annealing furnace. It anneals coiled strip steel. 
CARBOFRAX baffles are used because of their high ther- 
mal conductivity, their ability to withstand high tem- 
peratures, and their unique resistance to heat shock. 


Perth Amboy, New Jersey 


> 
uty 


CATED 


Rolock engineers have designed this distinctly 
different “Serpentine” alloy grid to meet the 
rigid requirements of modern heat treating 
practices. It is very light in weight, yet capable 
of performing with minimum distortion for an 
extremely long service life. ..never previously 
attained. 

Simple in design and fully articulated with 
loose tie rods, the grid is constructed with lon- 
gitudinal bars as principal load carrying mem- 


bers, spaced with serpentine-like intermediate 
bars which serve to maintain vertical 
alignment. 

Versatility of application is shown above. 
Inconel tray with positioning lugs used for 
copper brazing taurus assemblies at 2050° F. 
Basket, also of Inconel, used for annealing, 
quenching and acid pickling steel components 
in a continuous cycle. Full details on 
application. *Patent applied for 


Offices: PHILADELPHIA, CLEVELAND, DETROIT, HOUSTON, INDIANAPOLIS. CHICAGO, ST. LOUIS, LOS ANGELES. MINNEAPOLIS, PrrTspUnGH 


ROLOCK INC. + 1222 KINGS HIGHWAY, FAIRFIELD, 


better work 


Easier Operation, Lower Cost 


CONN. 
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The rack pictured above is a typical example 
of how The Pressed Steel Co. is helping its custom- 
ers, in two ways, to cut labor costs 

First, in parts handling. This fixture, with its 
removable trays, eliminated three complete handlings. 
The trays get their load of small parts at machine 
side. Without further handling they are trucked, car- 
burized, quenched and then routed through finishing. 

Second, because PSC welded alloy heat-treating 
equipment weighs 2/3 less than cast equipment, it 
handles easier and faster; in addition it requires less 
time to attain pot heat. A recent study of one cust- 
omer’s cycle showed a total saving of 5 hours. 

Let our technical staff work with you in devis- 
ing production savings. As pioneers 
of light-weight, sheet alloy heat-treat- 
ing containers and fixtures, we make 


‘The 
PRESSED STEEL 


of WILKES- BARRE. 


available to you 

a wealth of 

designing and production know-how. Whether you 
are installing new furnaces or need replacement 
equipment, let us send you information how PSC 
welded alloy units cut labor and fuel costs, and 
shorten heating cycles. We furnish standard or 
special welded alloy equipment in any size, and in 
any metal to meet your heat and corrosion require- 
ments. Send blue prints or write as to your needs. 


Light-Weight Weat-Treating Equipment for Every Purpose 
Carburizing and Annealing Boxes 
Baskets - Trays - Fixtures 
Muffles Retorts Racks 
Annealing Covers and Tubes 
Pickling Equipment 


Tumbling Barrels Tanks 
Cyanide and Lead Pots 
Thermocouple Protection Tubes 
Radiant Furnace Tubes and Parts 
Heat, Corrosion Resistant Tubing 


PENNSYLVANIA 


Industrial Equipment of Heat and Corrosion Resistant WEIGHT-SAVING Sheet Alloys 
* OFFICES IN PRINCIPAL CITIES 
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CUT COSTS WITH THE 


Fastest Carburizing 


(and case hardening) 


al 


390 Lbs. of Work an Hour 


. from an Ajax furnace 
no larger than your desk! 
180 lbs. of metal body screws per charge 
are case hardened (0.004” to 0.010”) 
as required. 


More economical . . . is the fastest method of producing a specified case 
depth—for example, a case of 0.040 in. can readily be produced in 2 
hours... No boxes or retorts to pack and unpack or to heat as dead loads. 


Less distortion . . . temperature uniformity throughout bath guaranteed 
within 5°F. ...less subsequent grinding...permits more shallow 
case depths. 


Closer control of depth and other properties of the case. 


Selective carburizing simplified by immersing only portions of work to 
be treated. 


Eliminates usual reheating operation . .. work quenched directly from car- 
burizing bath. 


Extreme flexibility ... several batches may be case hardened simul- 
taneously each to a different case depth. 


No “oxygenation” of the case, with attendant pitting and spalling, as fre- 
quently occurs in gas or pack carburizing. 


Readily adaptable to mechanization for efficient, low-cost mass production. 


Combines with martempering . . . for best control of distortion... by an 
isothermal salt bath quench directly after carburizing. 


Brazing can be performed simultaneously... both carburizing and braz- 
ing done with one aes of the work. Brazing cost—nothing. 


Low maintenance costs .. . plain steel pots have a life of 1 to 3 years. 


AJAX ELECTRIC COMPANY, INC. 


910 Frankford Avenue, PHILADELPHIA 23, PA. 


World’s largest manufacturer of electric heat treating furnaces exclusively 
In Canada: Canadian General Electric Co., Ltd., Toronto, Ont. 


LECTRIC FURNACES. 
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TEN TIMES THE LIFE 
AND STILL GOING STRONG! 


Ni-Hard! Pipe Proves Superiority 
in Resisting Abrasive Action 


If your problem is abrasion, you'll be interested in this 
case history of Metal Mold centrifugally cast Ni-Hard 
Pipe in action. 


The McKee Glass Company, one of the nation’s lead- 
ing producers of molded glass for household and indus- 
try, uses a pneumatic conveyor system to handle its glass 
furnace charges. In this system tons of silica, sand, feld- 
spar, borax, etc., are hurled at tornado-like speeds . . . 
about 100 miles per hour . . . through vacuum lines from 
boxcars to storage bins. Broken glass scrap (cullet) is 
added at the mixers to form a highly abrasive mixture. 


Two years ago when the system was installed steel pip- 
ing and later, lined steel piping was used. The severe 
abrasive action coupled with serious discoloration of the 
glass led to the search for a better conveying material. 
As a result, Metal Mold centrifugally cast plain end 
Ni-Hard pipe with a Brinell hardness of 600-650 was 


tNickel-chromium white cast iron. 
Ni-Hard is a registered trade name of 
The International Nickel Co., Inc. 


installed in the line’s most abrasive sections. 


The result, as reported by McKee, was more than sat- 
isfactory. Contamination was reduced 80%. Ni-Hard 
resisted abrasion much more effectively, as shown by 
the chart below . . . thus far, in fact, has carried ten 


times the tonnage and the line is still going strong! 


Today, the McKee Glass Company uses Ni-Hard ex- 
clusively in its conveying system. Their experience may 
suggest the answer to your abrasion problem. 


FIELD REPORT ON NI-HARD BY THE McKEE GLASS COMPANY 
10 times the tonnage and still going strong 


Production before favlure tons 


still operating satistactorily 


U. S. PIPE AND 


SPECIAL PRODUCTS DIVISION 


AMERICA’S LARGEST PRODUCER OF CENTRIFUGUALLY 
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Flow Charf of McKee Glass 
Company raw material han- 
) dling system in which Ni-Hard 
‘ pipe is used to resist abrasive 
wear. 


FOUNDRY CO. 


BURLINGTON, N. J. 


CAST FERROUS METAL PRODUCTS IN TUBULAR FORM 
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can help you meet hardness specifications 
with today’s substitute steels 


Is the current alloy shortage creating a heat- 
treating problem for you? Must you accept alloy 
steels with less chromium, manganese, molybde- 
num, or vanadium than you originally specified? 
Then you'll be interested in the performance of 
Gulf Super-quench. Because of its dual-quenching 
power, this outstanding quenching oil helps offset 
the lower hardenability of today’s substitute steels. 
Gulf Super-quench passes through the vapor 
stage far more quickly than conventional quench- 
ing oils. This means that the quenching tempera- 
ture falls extremely fast at the outset, an impor- 
tant factor in the depth and uniformity of hard- 
ening. In the succeeding cooling stages Gulf 
Super-quench has a slow cooling rate, like that of 
conventional quenching oils, and the same mini- 
mum tendency toward distortion and cracking. 
Greater quenching power of Gulf Super-quench 
adds up to greater depth of hardening and more 


uniform hardness! One of the most practical 
advantages of Gulf Super-quench is greater uni- 
formity of results on steels of variable harden- 
ability. 

For further information on Gulf Super-quench 
call in a Gulf Lubrication Engineer today. Write, 
wire, or phone your nearest Gulf office. Gulf Oil 
Corporation Gulf Refining Company, Gulf 
Building, Pittsburgh 30, Pennsylvania. 


PETROLEUM AND ITS PRODUCTS _ 
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a full day’s production... 


Mr. H. Il. Manning, vice president of 
Champion DeArment says, “What we like 
about the Lindberg Induction Heating 
Unit is its aecessability for inspection 
and preventative maintenance. It has been 
used 8 hours per day since its installation 
and we 

tion of production.” 


METAL PROGRESS; PAGE 12 


practically no interrup- 


Champion DeArment Tool Company, Meadville, Pa., use the 
Lindberg 2-station Induction Heating Unit to harden their 


famous CHANNELLOCK pliers. Their unit, like all other Lindberg 


Induction Heating Units, is designed to give a full day’s production 


every day... without costly, irritating breakdowns that skyrocket 
production costs * * OVERSIZED COMPONENTS—oversized 
components, built into every Lindberg Unit, insures uninterrupted 
production and hundreds of “bonus hours” of service life % 
SAFETY OVERLOADS—safety overloads, designed for any 
evertuality protect valuable equipment, reduce rejects and guard 
against human error * * *CHECKLITE” TROUBLE SHOOTING 
—a built-in “CcueckLiTe” system maintains a constant vigil, 
and when safety overloads operate a signal light indicates 
the location of the overloads for immediate correction * * For 
full details on 5, 10, or 25KW Units, write for Bulletin 

1440 Lindberg Engineering Company, 


2448 West Hubbard Street, Chicago 12, Illinois. 
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Do your beautifully machined parts and machines 


reach your customers pitted or stained? Then you’ve 
a RUST problem, a needless cost! Better call in a 
Nox-Rust representative. He’s a specialist in rust 
prevention. He will show you how to properly pro- 
tect metals (1) between operations, (2) in storage, 
(3) during shipment, domestic or export. 


Are you bidding on government orders which 
require a rust preventive coating? Then, by all 
means see the Nox-Rust representative. He will 

Zs give you complete information regarding the coat- 
ings required. What’s more, he will show you how 
egy to apply them. Nox-Rust specializes in the produc- 

tion of Federal Specification coatings and oils. 


SEND FOR FOLDER LISTING FEDERAL RUST 
PREVENTIVE SPECIFICATIONS AND NOX-RUST 


PRODUCTS CONFORMING TO EACH. 
lem—how you can apply 
your own operations. No 
It's from Nox-Rust—Headquarters 
Preventive Products. Rust Prevention Division 


2443 South Halsted Street 


NOX-RUST CHEMICAL CORPORATION Chicago 8, lilinois 


BALTIMORE PHILADELPHIA 
DETROIT SAN FRANCISCO 
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he fastest refractory for flues and stacks 
is economical REFRACTORY CONCRETE 


Waste gas coke oven five ct U. S. Steel's Fairless 
Works nears completion. One-piece Refractory Con- 
crete construction speeded the job. 


In open hearth five (cbove) Refractory Concrete 

5 . 2 benecth heavy covering of fly ash is in excellent con- 
REFRACTORY CONCRETE is the one refractory which may be simply Veto 
walls, clean floors. 


cast in place or “‘shot’’ by cement gun . . . reaching service 
strength in 24 hours or less. This simple monolithic construction 
of flues, ducts and stack linings is far faster than laying up 
thousands of units. It means more dollar-saving, “‘ahead-of- 
schedule”’ jobs . . . less outage time for repairs. 


Refractory Concrete stack lining (below) ot the 
Carrie Furnace, United States Steel Company, was 
simply shot by cement gun over reinforcing mesh. 


IN FLUES AND STACKS, Refractory Concrete made with Lumnite* cal- 
cium-aluminate cement resists high temperatures and the corro- 
sive action of sulphurous gases . . . withstands abrasive action 
of fly ash and high-velocity gases. It has low volume change, 
and so withstands severe thermal shock. Such qualities mean 
long service life and low upkeep, whether Refractory Concrete 
is used as a monolithic unit or as a protective lining. 


FOR CONVENIENCE you may prefer to buy prepared Castables. These 
packaged mixtures of Lumnite and selected aggregates are 
tailor-made to meet your specific temperature and insulation 
requirements. Add only water. They are made by refractory 

manufacturers and sold through their dealers. 


For further information write: Lumnite Division, Universal 
Atlas Cement Company (United States Steel Corporation Sub- 
sidiary), 100 Park Avenue, New York 17, N. Y. 


***LUMNITE” is the registered trade mark of the calcium-aluminate cement manufactured by Universal Atlas Cement Company. 


LUMNITE for INDUSTRIAL CONCRETES 


REFRACTORY, INSULATING, OVERNIGHT, CORROSION-RESISTANT 


MP L-56 


“THE THEATRE GUILD ON THE AIRK''— Sponsored by U.S. Steel Subsidiaries —Sunday Evenings—NBC Network 
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All steelwork on this bridge was flame-primed before paint was 
applied. Today, after 9 years’ service, the original paint job 


still provides complete protection against corrosion. Present 
condition of surfaces is clearly shown by unretouched close-ups. 


Your Steelwork... 


How Will It Look in 1960? 


Steelwork you coat with 


good paint today can still 

look like new ten years from 

now, if you flame-prime all 

exposed surfaces first. And 

what you'll save on main- 

tenance, because of increased protection due to 
flame-priming, will more than pay for all the flame- 
priming apparatus and materials you need for the job. 
Flame-priming is simple to do, requires little 
equipment, and costs little. A brush of oxy-acety lene 
flames pops off scale and drives out moisture. Paint 


applied to the warm, dry surface goes on quickly 


and smoothly, bonds tightly, and lasts longer. 

Flame-priming is one of many time- and money- 
saving Linpe methods for making, cutting, joining. 
treating, and forming metals. So, whatever you do 
with metals, there is a good chance that Linpe 
know-how, show-how, and equipment can help you 
do it better, more quickly, or at lower cost. 

To find out, without obligation, telephone or write 
our nearest office today. Linpe At Propucts 
Company, a Division of Union Carbide and Carbon 
Corporation, 30 East 42nd Street, New York 17, 
N. Y. Offices in Other Principal Cities. In Canada: 


Dominion Oxygen Company, Limited, Toronto. 


Products and Processes for MAKING, CUTTING, 
JOINING, TREATING, AND FORMING METALS 


The term “Linde” is a registered trade-mark of Union Corbide and Carbon Corporation 
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There’s a new in the 


HARSHAW LINE 


* It’s designed for use in metallurgical, 
chemical, and clinical labs 


* It’s made of STAINLESS STEEL 


* It’s completely air-tight and mois- 
ture proof 


Here’s the answer to your demand for a 
desiccating cabinet that is durable, air-tight 
and moisture proof, and adaptable to many 
applications. Built for convenient use, this 
attractive new cabinet will serve well in the 


metallurgical, chemical, or clinical labora- 
tory. It incorporates many useful features: 


: 1. Specially designed warp-proof, air-tight door which is gasketed 
with a pure gum rubber seal. 


2. Needle valve to relieve pressure. 
3. Large capacity. 
4. 
5. 


18-8 stainless steel throughout. 
¥e"’ glass windows which are tightly cemented to the frame. 
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6. Adjustable asbestos shelves. 


This new cabinet may be used for cooling 
ignition samples, or for storing metallurgical 
samples, and it is also ideal for storing 
dissecting instruments and other types of 
surgical instruments. The shelving consists 
of two asbestos shelves, 8” x 9°4"’, each with 
twelve 74’ holes, and one removable stainless 
steel tray, x x to hold approxi- 
mately one pound of desiccant. Also included 


are three sets of removable shelf brackets with 
runners adjustable every 1%’. Pressed feet 
on the bottom of the cabinet and correspond- 
ing indentations on top facilitate stacking and 
storing so that several of these cabinets may 
be kept in a relatively small space. Inside 
measurements are: height, 12”; width, 111”; 
depth, 10’’. Outside measurements are: height, 
1214”; width,'12'4”; depth, 1214”. 


H-18877—Stainless Steel Desiccating Cabinet. Each $67.50 


Quantity prices on request. 


HARSHAW SCIENTIFIC 


DIVISION OF THE HARSHAW CHEMICAL CO. 
CLEVELAND 6, OHIO 
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Here Alcoa shows its latest design techniques and newest 
fabricated forms to help designers with Rearmament Problems. 


Aluminum Forgings 


Their low density and high tensile strength merit serious 
consideration for high-speed rotating parts. 


CONTENTS 
Aluminum Forgings Aluminum Fasteners 
Aluminum Castings 


Aluminum Extrusions 


Finishing Aluminum 
Aluminum Die Castings 
Aluminum Impact Extrusions 


High tensile strength alone is not sufficient to guar- 
antee satisfactory performance of high-speed rotating 
parts. In any rotating part, the magnitude of stresses 
is directly proportional to the density of the material 
used. Thus the stresses in a heavy metal part are 
about three times greater than the stresses in an 
aluminum part. 

Density also influences the power required to accel- 
erate or decelerate the part. For example, if it took 
8.7 horsepower to accelerate a 12” disc of aluminum 
from 0 to 10,000 rpm in 10 seconds, it would take 
24.8 horsepower to accelerate a similar steel disc 
under the same conditions. If the speed were to 
be increased from 0 to 20,000 rpm in the same 
time interval, the aluminum disc would require 


35 horsepower — the steel disc, 100 horsepower. 
Rotational stresses increase in proportion to the 
square of the speed. For example, if centrifugal 
stresses in an aluminum disc were 10,000 psi, the 
stresses in an identical steel disc would be 30,000 psi. 
If the speed were doubled, the stress in the aluminum 
part would be 40,000 psi and 120,000 psi in the 
steel disc. 

Because of Alcoa’s wide experience in designing, 
forging and testing high-speed rotating parts, our 
specialists are exceptionally well-qualified to assist 
you in design and alloy selection. Basic design con- 
siderations are covered in Alcoa’s 171-page book, 
“Designing for Alcoa Forgings”. Write for your 
free copy. 
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Finishing Aluminum 


Vitreous Enamels provide abrasion and heat-resistant coatings for aluminum. 
They adhere well, are easy to apply. 


The sequence of operations for applying vitreous enamels on eS 
aluminum are: cleaning, spraying, oven drying, fusing the enamel i 
frit at high temperature. . 
Parts are cleaned by wiping with cloths saturated with solvents : 
or by vapor degreasing. Inhibited alkaline cleaners should be ’ 
used. The enamel frits are mixed with water or turpentine, sprayed a 
on and oven-dried. Quick drying by oven is important because ; 
the free alkali in the enamel mixture will cause surface corrosion rs 

if parts are left to air-dry. ~~. 

The enamel is fused at temperatures from 940 to 1000° F. This 
heat will partially anneal temper rolled sheet. The heat treatable 
alloys will be partially heat-treated, but not to a full degree, be- 
cause quenching is not possible. 

Vitreous enamels on aluminum have the advantages of excellent 
resistance to impact and thermal shock. Certain coatings have 
exceptional resistance to mild acids. 

For complete information on finishing Alcoa Aluminum write to 
the address below. 


Aluminum Die Castings 


The difference between average and exceptional die castings is often the 


kind of design help the supplier offers. Consider Alcoa’s qualifications. 


Alcoa offers the kind of technical lit- 

q erature and personal design consul- 

| tation that you would expect from the 

leader in the aluminum industry and 

a die-casting supplier of 34 years’ 
experience. 

The help of an Alcoa sales-engineer 

is instantly available through your 

local Alcoa sales office. He is thor- 

| oughly familiar with the methods of 

‘ applying aluminum die castings to 

your particular design problems. He 

My will accurately interpret your produc- 

. tion problems to the casting experts 
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at Alcoa’s two modern die-casting 
plants. Often the simple suggestions 
that come from the close attention 
; that Alcoa experts give your drawings 
can result in substantial savings and 
surprising increases in the perform- 
ance of the finished product. 
For the designer's technical library, 
Alcoa offers two books: “Designing 
for Alcoa Die Castings” — a 188-page 
book which covers all phases of de- 
sign, machining and finishing. And 
“Machining Alcoa Aluminum” —a 
67-page book which describes tool- 
ing, setup and machine speeds for 
all machining operations. Both books 
may be obtained through your local 
Alcoa sales office or by writing direct 
to the address given below. 


Besides standard and special fasteners, Alcoa pro- 
duces bushings, inserts for plastic and cast products, 
nozzles, valves, aircraft parts, electrical fittings, 
couplings, pipe and tube fittings. 


Aluminum Fasteners 


Alcoa supplements its complete line of stand- 


ard fasteners with a broad range of special 
fasteners made to customer specification. 


The capacity and versatility of Alcoa’s headers, threaders, slot- 
ters, screw machines and related secondary equipment per- 
mit Alcoa to provide industry with thousands of standard and 
special fasteners made from aluminum alloys. 

Alcoa’s 63 years of aluminum experience can be counted on 
to provide the best obtainable products of this type. Engineer- 
ing and design assistance are readily obtainable for analysis 
of your parts to determine where costs can be lowered and 
quality improved. Special tools and gauges are built in Alcoa's 
own toolrooms to facilitate production and inspection. And 
there is capacity in Alcoa’s plants for reasonable delivery sched- 
ules to manufacturers with authorized production schedules 
and metal allotments. 
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BOSSES 
AND 
FLANGES 


BEADS 


Consider... 
@ Alcoa as a source of supply... 


®@ Modern foundries strategically lo- 
cated from coast to coast... 


®@ 63 years of light-metal experience. 


Following a few general rules to 
make sure of stronger, more uniform 
castings at minimum production cost. 


SECTIONS — Try to design sections that are ta- 
pered in a way that facilitates flow of metal. If 
tapered sections are not practical, section thick- 
ness should be kept as uniform as possible. When 
it is necessary to join light and heavy sections, 
the thinner section should be gradually increased 
in thickness toward the junction. 

Extremely thin sections should be avoided since 
these require high pouring temperatures resulting 
in poor metallurgical structure and loss of me- 
chanical strength. Minimum section thickness in 
sand castings is usually ;{ inch; in permanent 
mold castings, 14 inch. 


FILLETS — Use generous fillets at all intersections 
as well as between ribs and bosses and their sup- 
porting sections. Fillets adjoining two sections of 
equal thickness should have a radius at least equal 
to the thickness. Filleting aids the flow of metal .. . 
minimizes shrinkage and cracking. 


LOCATING POINTS — Plan locating points so they 
can be used by the foundry and pattern shop for 
checking dimensions, and by the machine shop 
in machining. Space these as far apart as the size 
of the casting permits and, preferably, all on the 
same side of the parting line so they will not 
be influenced by dihiag of core, cope or drag. 


INSERTS — If inserts of other metals are used in 
aluminum castings, be sure to provide sufficient 
metal around these inserts to protect the casting 7 
against stresses set up by different rates of expan- 
sion and shrinkage. Be sure, too, that strong 
mechanical bonds exist — slots, legs, dogs, and 
similar projections accomplish this. 


PARTING LINES — Keep parting lines as straight 
as possible. The cost of producing castings with 
uneven parting lines is usually greater than the 
cost of redesign to straighten parting lines. 
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extrusions are being made by Alcoa. 
Those illustrated below suggest 
surprising savings in material 


and labor. 


Shell Body — This part shows the trend to high- 

er strength alloys for impact extrusions. Extrud- 
ing this heavy, massive part in 14S-T6 alloy is less 
expensive than machining the part from bar stock. 
Performance is improved due to the better grain 
structure inherent in impact extruded parts. And, 
produced as an impact extrusion, this part uses con- 
siderably less metal. 


Motor End Cap — While this part requires sec- 

ondary machining to be completed, its manufac- 
ture by impact extrusion saved greatly over the pre- 
vious method of machining the entire part from 
bar stock. 


Electric Motor Housing — Impact extruding this 
part replaced several drawing and forming oper- 
ations. While the impact extruded part has no partic- 


ular performance advantage over parts made by other 
processes, manufacturing costs are far lower when 
the part is extruded. The matched ribs around the 
outer surface of this part illustrate the versatility of 
impact extrusions. 


e Hydraulic Cylinder — This is another part ex- 
truded from high-strength alloy, 61S-T6. Pre- 
viously machined from bar stock, it is far less ex- 
pensive as an impact extrusion. The stepped wall 
at the open end of such a massive, heavy part is of 
particular interest — a bargain in metal saving. 


Electric Motor Housing — These parts were pre- 

viously assembled from hollow extrusions. 
Switching to impact extrusions with an integral bot- 
tom proved much more economical and improved 
performance, too. 


™ - New and interesting forms of impact 4 
> 
ALCOA 
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permit placement of metal where maximum strength is needed... 
save greatly in material and fabrication costs. 
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xtrusions 


Almost any shape can be produced by Alcoa — hol- 
low, semi-hollow, solid. While cross sections must 
remain constant throughout the length of the shape, 
extrusions permit thick sections where stresses are 
concentrated — thin sections in areas of minor load- 
ing. In both metal cost and shop time, extrusions 


often can save substantially over roll forming or build- 
ing up an equivalent section. 


To help you visualize the almost limitless possibil- 
ities of aluminum extrusions, and to suggest ways 
you can adapt your designs to them, Alcoa has pre- 
pared a special booklet that’s yours for the asking. 
Write for “Alcoa Aluminum Extruded Shapes.” 


ts) 


a discussion of design and production advan- 
tages of aluminum extrusions. 


examples of aluminum extrusions that have in- 


creased strength and stiffness because of efficient 
metal distribution. 


examples of designs that have been simplified 
by the use of a single extruded shape to replace 


expensive built-up assemblies, castings or ma- 
chined sections. 


NY illustrations of the way several extruded shapes 


can be combined to simplify assembly and re- 
duce costs. 


suggestions on modifying designs to utilize 


standard shapes and shapes for which dies are 
available. 
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A ting example 
of top brazing efficiency with “preformed” rings! 


SILVALOY preformed rings are used with utmost efficiency to braze the com- 
ponent parts of this unit for the General Electric Home Laundry Equipment 
Division. The Silvaloy preformed ring is quickly and easily positioned on the 
assembly and the complete unit is placed in an induction furnace — the resultant 
joint is stronger than the metals joined! 

Silvaloy brazing is successfully helping to increase production and lower 
costs for thousands of manufacturers throughout the country. Our technical 
experts are always on call and will be glad to visit your plani to help you plan 
for best brazing results, lower cests and increased production. Call or write 
today. This useful service is offered without obligation. Take advantage of it! 


SILVALOY SILVER BRAZING ALLOYS ARE SUPPLIED FROM 
STOCK THROUGH A RELIABLE DISTRIBUTOR IN YOUR AREA 
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ANOTHER CHAPTER IN 
THE HISTORY LEPEL 


JUST Across THE EAST RIVER IN WOopsibE, NEW YORK CITY 
The new building containing our new 


factory 
and offices, designed on the most modern ef Induction Heati 

architectural lines, reflects the steady gains 

by for a quarter of e century. 


HIGH FREQUENCY 


Vuduction 


HEATING UNITS 


SPARK GAP 
CONVERTERS 


from 4 kw to 30 kw 


ELECTRONIC TUBE 
GENERATORS 


from 5 kw to 50 kw 


“ANY LEPEL UNIT DOES THESE 10BS— spor 


LOW COST 2 KW 
PORTABLE UNITS HARDENING 


BRAZING 
Heat localized exactly 
ted, choice of copper eadily melts 
Spork Gop operated on 110 volts or brazing metals and alloys 
alloys. of high melting 


point. 
ANNEALING 
STRESS RELIEVING 
HIGH FREQUENCY 


‘oor 


STREET and 37th AVENUE, WOODSIDE 77, NEW 
_ Tel. HAvemeyer 6-4580 
WRITE FOR LEPEL CATALOG MP-12 
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with 52100 steel! 


52100 steel, widely used for anti-friction bearings, is 
hard and tough, yet, it’s easy to machine! As a result, 
it’s an ideal material for parts like those shown above— 
slitting knives, machine tool parts, pump parts, mechan- 
ical seals, lathe centers, mill rolls—and many others. 

52100 has extreme hardenability throughout its cross 
section, high tensile strength, high fatigue strength. 
Fully spheroidized structure makes machining easier. 
It can be oil quenched to a maximum hardness of 65/66 
Rockwell C. and will withstand a working pressure of 
200,000 p.s.i. 


YEARS AHEAD —-THROUGH EXPERIENCE AND RESEARCH 


Close quality control at every step in production in- 
sures uniformity in every lot of Timken" 52100 steel. 

The Timken Company is the only source of 52100 
in three finished forms—bars, tubing, and wire. For 
small runs or emergency requirements, the Timken 
Company maintains a mill stock of 101 sizes, from 1” 
to 10%” O.D. Shipment is made within 24 hours after 
your order is received. 

For stock list of available sizes, grades, and finishes, 
write The Timken Roller Bearing Co., Steel and Tube 
Division, Canton 6, Ohio. Cable address: ““TIMROSCO". 


Specialista in alloy atee neluding hot rolled and cold finished alloy 
steel bare —a complete range of stainless, graphitic and standard tool 


analyses—and alioy and stainless seam/ess atee tubing 
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Easier to make hard parts like these... 
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This dit 
50% barges ! 


gives you more runs for your money 


... anywhere from 12 to 5 times the Performance! 


SOME TYPICAL EXAMPLES 


B-47 dummy blocks, vs. 9°% 
and 12° wngsten types, ex- 
truded more than twice as 


B-47 die inserts, vs. 9°, tung- 
sten types, hot pressed more 


many brass and copper tubes. 
B-47 dies outperformed 12% 
tungsten type 142 to 1. 


B-47 dummy blocks, vs. 5% 
tungsten-5°% chromium types, 
extruded twice as many copper 


B-47 punches, vs. low-carbon 
18-4-1 type, hot pierced more 
than twice as many eyes in 
steel axes. See top picture. 


B-47 punches, vs. 5°% chro- 
mium type, hot extrusion forged 
1% umes as many automotive 


than twice as many steel side 
gear forgings. B-47 dic inserts, 
vs. regular insert material, per- 
formed better than 5 to 1. 


B-47 die inserts, vs. 9° tung- 
sten types, extruded 1'4 times 
as many high alloy steel auto- 


SEND NOW 


for “Blue Sheet”’ 
on Grade B-47 


This four-page folder 
gives technical data on 
B-47 for brass extrusion 
dummy block and dies, 
valve extrusion die in- 
serts, hot punch tools, 
forging die inserts, press 
forging dies, and hot 
work in general. Write 
for your copy today. 


ADDRESS DEPT. MP-24 
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and brass tubes and rods. B-47 
dies outperformed 12°) tung- 
sten-12°) chromium type 


Looking for a better hot work steel? 
You'll find it in B-47—an improved 
chromium, tungsten, cobalt, vanadium 
type whose superiority is established 
by actual performance runs such as 
those summarized above. All tests 
show that B-47 has unusual resistance 
to shock and abrasion at elevated 
temperatures. 

Developed originally for applica- 
tions in the copper and brass industry, 
B-47 has given excellent results on 
difficult hot work jobs on steel. B-47, 


stecl front axle spindles. 


motive valves. This is consid- 
ered a very difficult job for any 
grade of hot work steel. 


when properly heat treated, exhibits a 
well rounded combination of red 
hardness, toughness, and resistance to 
wear and heat checking that makes it 
a valuable addition to the Allegheny 
Ludlum group of hot die steels. 

Put B-47 to the test. You'll find that 
it will do any number of seveze hot 
work jobs without washing out or 
changing size. Get in touch with A-L, 
today. Let us help you to use B-47. 

@ Allegheny Ludlum Steel Corporation, 
Henry W. Oliver Bldg., Pittsburgh 22, Pa. 


For complete MODERN Tooling, call 
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Just as steel needs a high safety factor, so does your 


heat treating procedure. And you get it when you use 
© Houghto-Quench ‘‘K’’, Houghton’s brand new treated 
y quenching oil developed specifically to provide speed- 


600 
200 
100 
80 

7 
60 
° 


4 
30 


70 
|_ ier quenching of today’s lean alloys. 
You can be sure with Houghto-Quench “‘K”’. Its ac- 


65 celerated quenching properties are just what the heat 


treater must have for steels with hardenability charac- 
= teristics in the Jower ranges of the hardenability band. 


60 
It gives you that extra measure of safety which gov- 
r ernment specifications for aircraft steels (MIL-H-6875) 
65 


demand. It eliminates experiments and costly rejects, 


because it quenches varying heats with equal depend- : 
ability. The chart at the left proves the speed of Houghto- 
Quench “‘K” compared with water and straight mineral 
oil quenching. 


60 


ROCKWELL HARDNESS, C SCALE 


45 


With today’s demands increasing daily for high speed 
quenching, we have stepped up production of Houghto- 
Quench “K” to make it more readily available. Write 
to E. F. Houghton & Co., Philadelphia 33, Pa., for 
prices and descriptive material. 


TT 


40 


T 


HOUGHTO-QUENCH 
. @ product of 


A Jominy comparison of water ot 75 F., 100- 
second rinera! oil and Houghto-Quench 


ot 120°F, using AIS! 8740 Steel 


30 


Ready to give you 
on-the-job service... 
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TWO TUBES . . . TWO CIRCUITS 
COMBUSTRON MODEL 120 


COMBUSTRON MODEL 120 


Two Tubes—Two Circuits 
115 Volt—60 Cycle 
$1100.00 


COMBUSTRON MODEL 110 


One Tube—One Circuit 
115 Volt—60 Cycle 


BURRELL 
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COMBUSTRON 


ELECTRONIC INDUCTION HEATER 


TWO SEPARATE CIRCUITS PROVIDE TWO UNITS IN ONE 


Once again—Burrell has blazed a trail to greater value and 
service. With a Combustron, Model 120, users get two separate 
high frequency induction heaters built into one compact lab- 
oratory instrument. Operation of one circuit does not affect 
operation of the other in any way. Thus users get dual value 
for heavy production or standby convenience. 


Loading is horizontal for greatest flexibility. Combustion boats 
may be used for a great variety of samples ranging from coarse to 
fine meshes and low to high carbon content including alloy steel, 
cast iron and stainless steel. And—for analysis of low carbon 
steels, each Burrell combustion boat will take up to a full factor 
weight of coarse drillings. 


Either Combustron model—two tube or one tube — provides rapid 
and accurate analysis of carbons-by-combustion. 


Order direct from Burrell or Write for Bulletin No. 319. 


BURRELL CORPORATION * 2223 FIFTH AVE., PITTSBURGH 19, PA. 
LABORATORY APPARATUS FOR SCIENTISTS EVERYWHERE 
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NEW PRODUCTS 


PRESSES: New twin-column punch 
presses have been announced by the 
Wales-Strippit Corp., which may be 
used for all types of blanking, form- 
ing, drawing and bending. Also Wales 
hole punching and notching equipment 
is used efficiently on these presses. 
In addition, a self-contained shearing 
attachment is available as optional 
equipment for precision shearing. 
The cylindrical pair of ram guides 
are 4 in. in diameter, precision ground 
highly polished, and positioned verti- 
cally at exactly 90° which reduces 
possible wearing to a minimum. The 
actuating mechanism of the ram oper- 
ates inside the vertical ram posts. 


Guide sleeves move up and down on 
the ram guides. These sleeves are 
hand scraped, individually fitted, and 
held to the close tolerance of 0.00025 
in. Long press life and accurate 
alignment are assured by heavy-duty 
liners in the sleeves which are fully 
enclosed by a two-way seal that 
eliminates dirt and chips by wiping 
the ram posts clean. 

For further information circle No. 758 
on literature request card on p. 32B 


ATMOSPHERE FURNACE: The Dow 
Furnace Co. announces the recent 
development and successful operation 
of a small, pitless, batch-type con- 
trolled-atmosphere furnace for prod- 
uction gas cyaniding, gas carburizing, 
clean hardening and carbon restora- 
tion. Called the Model G, the furnace 
is completely mechanized and self- 
contained for ease of operation and 
simplified material handling. It will 
heat 500 lb. of work from room tem- 
perature to 1500°F., in 1 hr., provided 
the furnace is stabilized at control 
temperature when the load is intro- 
duced. Heating is by four radiant 
tubes fired with standard Dow burners. 
A gas generator system of catalytic 
type is incorporated within the radiant 


tubes to supply a gas neutral to 
medium-carbon steels. An unusual 
feature of the tube and generator 
system is that the generator gas can 
be analyzed before it enters the fur- 
nace. 

For further information circle No. 759 
on literature request card on p. 32B 


ALLOY GRID: An alloy grid that 
successfully meets the rigid require- 
ments of the heat treating field has 
been designed by Rolock engineers. 
This “Serpentine” grid is very light in 
weight yet capable of performing with 
a minimum of distortion for an ex- 
tremely long service life. Simple in 


design and fully articulated with 
loose tie rods, the grid is connected 
with longitudinal bars as the principal 
load-carrying members, spaced with 
serpentine-like intermediate bars 
which also serve to maintain their 
vertical alignment. 

For further information circle No. 760 
on literature request card on p. 32B 


WELDING FLUX: New improved 
types of flux aimed at cutting costs 
and improving quality in any fusion 
welding process on corrosion and heat 
resistant metals have been announced 
by Solar Aircraft Co. The company 


has now developed four types of back- 
up flux used to weld stainless steel 
and other high nickel and cobalt 
alloys. In one recent case, use of 
Solar flux in the welding of high 
strength, low alloy steel aircraft en- 
gine parts cut rejects 95%, cut mate- 
rials handling by two-thirds, and 
boosted welding operator efficiency 
by 10%. The various fluxes are 
combinations of compounds used to 
remove surface oxides and prevent 
oxidation of parts during the welding 
cycle, which in turn minimizes chip- 
ping, grinding, and finishing. They 
also control the penetration of the 
weld by permitting higher welding 
temperatures without “burn-through”. 
For further information circle No. 761 
on literature request card on p. 32B 


BARREL FINISHING COMPOUND: 
A special-purpose chemical for barrel 
finishing brass, bronze, copper, gold 
and silver stampings, castings, ma- 
chined and drawn parts is offered by 
Blue Magic Chemical Specialties Co. 
This compound is recommended for 
finishing either with or without media, 


and with selected nonferrous media 
for roughing, deburring, cleaning and 
finishing in a single operation. Rec- 
ommended quantities are only 4 oz. 
of compound for finishing runs in a 
32 x 30 in. tumbling barrel at high 
water level. As a cutting compound 
in deburring operations only 1 to 2 
oz. of compound is needed at a low 
water level in the barrel. 

For further information circle No. 762 
on literature request card on p. 32B 


THICKNESS GAGE: Two new mod- 
el absorption and backscatter beta 
gages for sheet materials have been 
developed by Tracerlab, Inc. A beta 
gage, in effect, weighs a small area 
of the moving sheet by means of a 
beam of radiation. If the density of 
the material is maintained constant 
the meter can be calibrated in units 
of thickness, thus making the gage 
a sensitive thickness control instru- 
ment. Beta gages do not contact 
the material being gaged, may be 
installed in any location on the ma- 
chine, and the meters or recorders 
may be placed at a distance. Beta 
gages measure extremely thin mate- 
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organization and a symbol 


QUALITY SERVICE 


anniversary 


A symbol of honest and reputable dealing. To our friends both old and new, we ex- 
tend our most sincere thanks. Their trust and confidence is our most treasured asset. 


DIE PRODUCTION MEASURED 
IN MILES ....... 


This Roll-Die Set made of Ziv’s Wizard Unbreakable Tool Steel operates out in the 
open, in all kinds of weather, at the St. Louis Shipbuilding and Steel Co., the largest 
inland shipbuilding company in the world. Hot rolled steel channels and sheet 
: stock are serrated in lengths up to 60 ft. To date these tools have chewed through 
approximately 564 miles of stock or roughly the distance from Cleveland to St. Louis, 
and there’s plenty of mileage left. 


633 Fulton St. 
14643 Meyers Road t ESTABLISHED 191) Indianapolis 2, Ind. 


STEEL & WIRe ce: 


1819 Starr Ave. 
St. Lovis 6, Mo. High Grade Le Toledo 5, Ohie 
3731 W. Highland Bivd. Tool Steel 

Milwaukee 8, Wis. | 9945 W. Harrison Street - - - - - - - CHICAGO 12, ILL. | Eagle River, Mich. 
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rials impossible to gage by other 
methods and offer advantages for 
many installations because they are 
mounted on one side of the sheet only. 
For further information circle No. 763 
on literature request card on p. 32B 


MICRO-LAP: The Murray-Way Corp. 
has developed a new automatic, pre- 
cision polishing process which will 
be known as Micro-Lap. The new 
process and equipment were developed 
especially for the fast, accurate and 
economical microsurfacing of jet- 
engine blades and buckets but has a 
wide range of other applications. The 
polishing heads are mounted on floor 


bases and operate continuously with 
no pause for indexing. The polishing 
jaws open automatically to receive 
and release the workpiece as it makes 
the cycle. Successively finer grits 
under flood lubrication accomplish a 
finish of 3 to 4 rms. in 6 sec. 

For further information circle No. 764 
on literature request card on p. 32B 


FLUORESCENCE ANALYSIS UNIT: 
The new Norelco fluorescence analysis 
unit which incorporates many design 
improvements to facilitate rapid qual- 
itative and quantitative analysis of 
constituents in metals, alloys, miner- 
als, ores, chemical mixtures and com- 
pounds, is now in production at the 
North American Philips Co. The new 
unit employs a wide-range vertical 
goniometer with a sweep radius of 
170 mm. instead of the horizontal as- 
sembly used on the original model. 


The equipment utilizes a horizontal, 
water-cooled, oil-insulated X-ray tube. 
The output of the special volume- 
sensitive Geiger counter is processed 
in electronic circuits for the purpose 
of driving a strip chart recorder or 
a count register. As distinguished 
from X-ray diffraction, which gives 
precise data about atomic structure, 
fluorescence analysis provides precise 
quantitative and qualitative data with 
respect to the elements present. Diffi- 
cult analyses involving solids, semi- 
solids and liquids can be carried out 
in much less time than when ordinary 
chemical methods are employed. 

For further information circle No. 765 
on literature request card on p. 32B 


POTENTIOMETER: A new potenti- 
ometer circuit that permits measure- 
ments of spans as narrow as 100 
microvolts has been developed by 
Minneapolis-Honeywell Regulator Co. 
The new instruments can be used 
wherever accurate measurements of 
d-c. potentials of the order of micro- 
volts is required. In addition to direct 
voltage determinations, as encountered 
in many scientific, technical and elec- 
tronic investigations, the instruments 
are useful (with appropriate primary 
measuring elements) for the precise 
measurement of differential tempera- 
tures, and the accurate determination 
of slight variations in the temperatures 
of small objects through the use of 
radiation pyrometry. 

For further information circle No. 766 
on literature request card on p. 32B 


ATMOSPHERE GENERATOR: The 
Hevi Duty Type M-5724-S “Atmo- 
Gen” atmosphere generators are used 
to provide atmospheres for the fol- 
lowing heat treating operations: clean 
nondecarburized hardening, dry cyan- 
iding or carbonitriding, carburizing 
(carrier gas), copper and silver braz- 
ing, nitriding, sintering and bright 
annealing. The unit delivers 150 
cu. ft. of atmosphere per hr. 

For further information circle No. 767 
on literature request card on p. 32B 


WELDING PRESS: Development of 
a gap-frame press, in cooperation 
with a major automotive manufac- 
turer, for use with welding fixtures 
in the mass production of spot welded 
assemblies, is announced by E. W. 
Bliss Co. The gap-style frame permits 
conveyorized feeding from side to side, 


which facilitates easy access to the 
work by operators. Work is accessi- 
ble from either front or back of the 
press. Parts to be welded are laid on 
the lower “die”, which contains weld- 
ing tips, and moved up into contact 
with the fixed welding tips attached 
to the upper part of the press. 

For further information circle No. 768 
on literature request card on p. 32B 


WELDING MACHINE: A new heavy- 
duty d-c. welding machine has been 
put on the market by the A. O. Smith 
Corp. The machine is designed for 
all industrial uses where d-c. welding 
is required. Extensive field testing 
has shown the new unit to be free 
of stack failure. This is accomplished 
by directing a high-velocity down- 
draft of cool air over the rectifier 
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Casting! 


Jim, we've got to step up our output of 
wax patterns for Precision Investment 


Why don’t we use 
the Sherwood Wax 
Injection Press? 


Jim’s right! Here’s what the 
Sherwood Model WP-12 does: 


@ Produces wax patterns in large 
volume. 

@ Has large capacity—4 cylinders 
each containing 67 cu. inches. 

© Temp. range to 400° F. 

©@ Pressure range to 1500 p.s.i. 

Why not investigate it yourself. 


* * * 


FREE circular and informative booklet, “Modern 
Precision Investment Casting”, sent on request. 


ALEXANDER SAUNDERS & CO. 


Precision Casting Equipment & Supplies 
93 Bedford St. WAtkins 4-8880 New York 14,N. Y. 


For Faster 


Localized 
The 1GZ, 


For 


FLAME 
HARDENING 


FLAME 
ANNEALING 


HEATING 
and BENDING 


BRAZING 
PREHEATING 
SPOT HEATING 


NOTE: ZIG-ZAG Burn- 
ers are available individu- 
ally of can be furnished as 
part of a complete heating 
unit designed for your 
particular operation. 


Silver brazing small parts!on G.A.S. Turntable unit 
with ZIG-Z 


AG Burners. 


The ZIG-ZAG HIGH #SPEED GAS 
BURNER is revolutionary in design—doing 
the job better and faster—doing jobs that 
could not previously be done economi- 
cally with gas. 

ZIG-ZAG's concentrated heat output 
provides extremely fast heating, resulting 
in better hardness patterns in lame hardening 
and less scale in all heating operations. The 
burners are ruggedly built for long life. 
Equipment cost is very low when compared 
to the furnace setups they usually replace. 
For your localized heating applications—for 
speeding up your production—find out 
NOW about the ZIG-ZAG Burner! 


GAS APPLIANCE SERVICE, INC. 


Gas Engineers 


1201 WEBSTER AVENUE * CHICAGO 14, ILLINOIS 
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Rebuild Worn Parts 
by Meftallizing 


Save time, money and critical parts by Metallizing 
with new Mogulectric Gun. Adds metal to metal with 


fine atomization for 


use, engineered to give trouble-free service. 

Also ideal for spraying corrosion-resistant metal 
coatings and for production work. 

If you already have metallizing equipment, why 
not consider a trade-in now for the new Mogulectric 


Gun. 


Write for new booklet containing complete in- 


perfect bond. Simplified, easy to 


tion and 


quip os well as produc- 


METALLIZING 


PP 


COMPANY OF AMERICA 


3520 W. Carroll Avenue + Chicago 24, Ill. 


WRITE FOR 
MLUSTRATED 
CATALOG 47P 


Canadian Rep., PECKOVER’S LTD. . 


ASHWORTH BROS., INC. 


METAL PRODUCTS DIV. WORCESTER, MASS. 
Sales Engi located in 


ngeles New York Philodelphia Pittsburgh Searle 
Toronto . Montreal . Halifax . Winnipeg - Vancouver 
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stacks before passing this air through 
other parts of the machine. The 
welder is available in 200, 300 and 
400-amp. ratings. 

For further information circle No. 769 
on literature request card on p. 32B 


SUBZERO CABINET: A _ new low- 
temperature cabinet, introduced by 
the Brewer-Titchener Corp. features 
subzero temperatures as low as 40 
F. It can be used for rivet cooling, 
shrink fit assembly, size stabilization 
in metal, storing punched and formed 
aluminum alloy parts, applying sub- 


zero cooled compressed air to metal 
cutting tools and treating hardened 
steels. The unit is 40 in. long by 
36 in. wide. It has 2% cu. ft. of 
refrigerated storage space. 

For further information circle No. 770 
on literature request card on p. 32B 


STRAIGHTENER: The advantages of 
quick and easy setup inherent in the 
overhung roll type of shape straight- 
ener, and the desirable and exceptional 
contr.’ of bending stresses possible 
in a st. .ightener with variable centers, 
have been combined in a new shape 


straightening machine developed by 
the Medart Co. Variable-center rolls 
permit extreme versatility in the ad- 
justment of bending spans necessary 
in the handling of a virtually un- 
limited range of shapes and sizes. 


In addition, the adjustment of bend- 
ing spans, possible with movable roll 
housings, prevents the overloading of 
bearings and assures greater accuracy 
in straightening operations. 

For further information circle No. 771 
on literature request card on p. 32B 


CUTTING FLUID: A new lubricant- 
coolant solution, Cool-O-Lube, offers 
increased effectiveness by both free 
flowing and compressed air applica- 
tion. When applied by Pur-o-luber 
equipment, the effectiveness of the 
solution carried by the compressed 
air stream is many times greater 
than free-flowing coolants, or its own 
results when applied by conventional 
methods. This new solution is sold 
by Air Conversion Research Corp. as 
a concentrate and is diluted 1 part 
solution to 9 parts of water. 

For further information circle No. 772 
on literature request card on p. 32B 


STAINLESS COATING: A new stain- 
less steel coating which may be 
applied to any metal has been devel- 
oped by Steelcote Mfg. Co. It gives 
protection against rust, corrosion and 
other types of deterioration caused 
by salt air and water, industrial at- 
mospheres, alkalies, greases, 
most strong acids, cold and 


oils, 


heat, 


sunlight. Applied by brush or spray 
gun, it dries in 30 to 60 min. and the 
part is ready for use in 3 to 4 hr. 
Cost per square foot is low. 

For further information circle No. 773 
on literature request card on p. 32B 


SHELL MOLDING: The variables of 
sand, binder, binder ratio and curing 
cycle all affect the strength of the 


mold shell. In order to make an 
intelligent selection and maintain 
control, it is necessary to measure 


this strength. This may be done con- 
veniently and accurately by means 
of the No. 362 shell molding tensile 


accessory which is now available from 
the Harry W. Dietert Co. A core 
box is provided which makes three 


tensile cores % in. thick, and may 
be inserted in the laboratory core 
oven for curing. Cores are tested 


by means of the No. 610 core tensile 
accessory. 

For further information circle No. 774 
on literature request card on p. 32B 


DECEMBER 1951; PAGE 27 


| 


2 


UILT to detect temperatures for either Speedomax 

or Micromax Controllers, this new Rayotube No. 
8890 has three features which help to improve the 
accuracy of control action. 


1. The water jacket often needed for earlier 
Rayotubes is seldom required for this one because accu- 
racy is not affected by ambient temperatures unless 
the head housing itself (shown above) exceeds 350 F. 
Omitting the jacket greatly simplifies installation and 
saves both water and maintenance due to water lines. 


2. Overheating the Rayotube head to as high as 
500 F does no harm; the accuracy decreases above 350, 
but returns fully as temperature drops. Thus, a few 
minutes’ glare from an open furnace door does not 
affect the instrument’s usefulness. 

3. New, quick-sighting optical system for aiming the 
Rayotube at area of important temperature is espe- 
cially helpful when aiming down an open-end tube 
to measure directly the surface temperature of parts 
being heated. 


Catalog N-33B describes all Rayotubes as well as 
Speedomax and Micromax Pyrometers; we also can 
send description of this Rayotube only. Kindly ad- 
dress either our nearest office, or 4927 Stenton Avenue, 


Philadelphia 44, Pa. 


Jrl Ad NS3(2) 
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In Henry Disston & Sons, Inc. plant, 
Rayotube in slab furnace roof needs 
no water-jacket against high ambient 
heat. 


In spite of high ambient tempera- 
ture, this Rayotube in roof of an 
open-hearth furnace has neither 
water-jacket nor air connection. 
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What's New 


IN MANUFACTURERS’ 
LITERATURE 


775. Air Velocity Control 

_ Bulletin 2448-G describing portable instrument 
for measurement of air velocity thru grills, fur 
naces and in the open. Jilinots Testing Laboratories 


776. Alloy Brazing 

New bulletin 20 covers silver alloy brazing with 
asy-Flo and Silfos Tells where and how to use 
these alloys to the best advantage. Shows many 
interesting applications; describes fast brazing 
techniques. Handy & Harman 


. 
777. Alloy Steels 

New 16-page, pocket-size booklet contains 
seven case histories selected from widely varied 
fields to demonstrate the versatility of alloy steels 
Republic Steel Corp 


778. Alloys, Heat Resisting 
“Thermalloy 30” gives property data for 21% 
Cr, 9% Ni heat resistant alloy. Electro-Alloys Dit 


~=, 
779. Aluminum 

“Alcoa Aluminum Impact Extrusions’, giving 
information on impact extrusion process and serv- 
ice. Shows range of shapes for engineering. Alu- 
minum Co. of America 


780. Aluminum Weldi 
New control system that extends electrode lite 


for spot welding aluminum, fully described in 
‘Technical No. Reynolds Metals Co 


- 

781. Anti-Carburizing Paint 
Descriptive literature is available on paint 

which prevents carburizing or hardening of certain 

spots on steel parts. Case Hardening Service Co. 


782. Atmosphere Generators 

Bulletin on atmosphere generator for small- 
capacity furnaces Flow diagram. specifications 
applications. Hert Duty Electric Co 


783. Belts, Wire 


Bulletin 47P illustrates and describes complete 
line of wire belts for industry Ashworth Brothers, 
Inc 


- . > 
784. Bimetal Elements 
64-page catalog written especially to help the 
uct engineer select the type and 
size of thermostatic bimetal element best suited 
temperature-responsive device u M 


Bottom Boards, 
Magnesium 


Complete information and price schedule on 
magnesium bottom boards for maintaining high 
quality castings and mold stability. Christiansen 
Corp 


- 
786. Brass and Bronze 
&-page, illustrated booklet on control methods 
as applied to brass and brass rod, forgings, die 
castings and welding. Titan Metal Mfz. Co 


787. Brazing, Silver 

48-page, pocket-size manual on all aspects of 
silver brazing applications and problems The 
American Platinum Work 


788. Burners 

14-page, illustrated booklet displays full line of 
long flame burners for gas, for oil and for gas and 
oil. Complete diagrams and descriptions. Bloom 
Engineering Co. nc 


789. Carbon Analysis 

Bulletin 319 describes the Combustron, elec 
tronic induction heater in two or one-tube model 
tor flexibility in analysis of low to high carbon 
content in alloy steel, cast iron and stainless steel 
Burrell Corp 


790. Carbon Control 

Catalog T-623 describes the Microcarb control 
system that continuously measures the active 
carbon in the furnace a during heat 
treatment. Leeds & Northrup Ce 


791. Cast Lron 

48-page book. protusely illustrated, showing a 
wide range of light and medium castings produced 
in gray, alloyed and inoculated irons. Hamilton 
Foundry & Machine 


792. 
4-page 

usual applications of Meehanite castings in various 


industries 


793. 


8&-page 
lurgically 


Cast Iron 


booklet providing case histories of un 
Mechanite Metal Corp 
Cast Iron Inoculant 


folder describing an inoculant, metal- 
designed to improve machinability, add 


toughness, and increase resistance to wear. /nter- 
n 


national 


794. 


New bt 


Nickel Co., Inc. 


‘ast Monel 


bulletin cencerning production of cast 


Monel and wide range of physical and mechanical 
properties obtainable. Cooper Alloy Foundry Co 


795. 
4-page 
produced 
tions inc 


Castings, Heat Resistant 

bulletin describes heat resistant castings 
in designs for a wide variety of applica- 
luding conveyors, roller hearths, trays, 


and radiation tube assemblies. Standard Alloy Co 


796. 


Castings, Wear Resistant 


New descriptive folder gives interesting facts on 
Colmonoy hard-facing alloys, developed to combat 
different types of wear: abrasion, corrosion, impact 


etc. Ma 


de in various forms to suit the methods 


of application. Wall Colmonoy Corp 


Cleaner 


A descriptive product data sheet describes 313-A 


a special 
preparats 
ing or ja 


798. 
Bulleti 
detergent 


acid phosphate cleaner developed for 
on of metal surfaces for painting, lacquer 
panning. E. F. Houghton & Co 


Cleaner 
mn 74-15 gives data on all-electric steam 
cleaning. Pressures to 200 psi. Living 


stone Engineering Co. 


799. 


Cleaners 


Descriptive folder features emulsion cleaners 


designed 


to remove both oil-soluble and water 


soluble soils from any metal or alloy without attack 
ing the base metal or paint finishes. Detrex Cor; 


800. 
Bulleti 
molten cl 
their adv 
erations 


Cleaners 

ns on Virgo descaling salt and Virgo 
eaners. What they are, how they work, 
antages and how they fit into your op- 
Hooker Electrochemical Ce 


~ . 
801. Cleaning 

Data on Aja-Lif equipment for removal of buf- 
fing compounds, chip removal, quenching and other 
cleaning operations agnus Chemical Co 


802. Cleaning and Finishing 
Attractive 12-page, well-illustrated catalog A-652 
gives the complete story on planning industrial 
finishing systems and shows many installations of 
cleaning and pickling mac ate operating in large 
metalwotking plants. RK. C. Mahon Co 


803. Coatings 

Information on Bonderite, nonmetallic coating 
which is resistant to corrosion and a good paint 
base. Varker Rust Proof Co 


804. Coatings and Packaging 

New 43-page working data file provides valu 
ible guide to better preservation and packaging 
with three sections on coatings, melting equipment 
and processing procedures for “hot dip packag- 
ing. Seal-Peel, Inc 


805. Coati Metal 


Explanations of high-vacuum evaporation of 
metals and other solids set forth in new 12-page 
booklet. Distillation Products, Im 
806. Contact Wheels 

New type of rubber contact wheel which adds 


50% more life to abrasive belts is described in 
tolder Carborundum Co 


- 
807. Controls 

Catalog No. 51-1 gives full data on controls for 
annealing furnaces including Electronik potenti 


ometer controls, Air-O-Line pressure controls, py- 
i and switch for spot temperature checks 
meter tor fuel cost accounting Minne- 


a 
apolss-Honeywell Regulator 


808. Copper Alloy Tubes 

An extensively illustrated 32-page brochure 
deals with causes of corrosion and means of com 
bating them as well as choice of materials for 
condenser tubes Revere Copper & Brass, inc 


809. Copper Alloys 


New 44-page booklet on application and instal 
lation of condenser and heat exchanger tubes, also 
plates for tube sheets, heads and baffles. The 
imersan Brass Co 


on 
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nt on your 
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ICAL CO. + 96 South Ave, Garwood, N 


Service representatives in principal cities 


In Canodo — 
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PROFIT BY THE 


PRODUCTION 

ADVANTAGES 

AND INCREASED 
PHYSICAL PROPERTIES 
OF FURNACE TREATED 
COLD FINISHED STEEL 


ANNEALED « HEAT-TREATED 
STRAIN RELIEVED 


WYCKOFF. 
STEEL COMPANY 


FIRST NATIONAL BANK BUILDING 
PITTSBURGH 30, PA. 


3200 S. KEDZIE AVENUE 
CHICAGO 23, ILLINOIS 


Works at: Ambridge, Pa. - Chicago, Ill. 
Newark, N.J. - 


Putnam, Conn. 


METAL PROGRESS; PAGE 30 


810. Corrosion Data 

Wall chart of useful corrosion resistance informa- 
tion for several analyses of stainless steel tubing 
and pipe in contact with various corrodents 
Reverse side contains mechanical data on tubing. 
Carpenter Steel Co. 


811. Cupola Charging 

Second of a series of booklets on better foundry 
operation, entitled “Tips on Improving Cupola 
Charging’, contains valuable information on ob- 
taining a smoother flow of materials from freight 
cars to cupolas. Whiting Corp 


812. Cutting Oils 
4-page folder on control of soluble oil coolants 
blending and reclaiming. Bowser, Inc 


813. Cutting Oils 


Shop notebook giving important facts on right 
cutting fluid for any machining operation. D. A 
Stuart Oil Co. 


814. Cut-Wire Shot 


Economies and characteristics of cleaning and 
peening with cut-wire shot are described in a 
4-page folder. Cleveland Metal Abrasive Co 


- 
815. Die Steel 

New literature available on Bethlehem Cold- 
Headed Die Steel for high production in forging 
bolts, rivets, screws, and other products at high 
speed. Bethlehem Steel Co. 


816. Die Steel 

Booklet, “Die Steels for Hot Work’, helps in 
selection of best grade for your particular job 
Vanadium-Alloys Steel Co 


817 I 
Drawing Compounds 

Folder describes new type of lubricant for cold 
forming and drawing of stainless steel, both aus- 
tenitic and territic. Hangsterfer's Laboratories, Inc. 


818. Fabrication 


Illustrated folder describes facilities for mass 
production of defense prime contract and subcon 
tract work. Charles T. Brandt, Im 


819. Fasteners 

Descriptive and illustrative 17-page bulletin on 
types, sizes and applications for rivets and riveting 
tools Many usetul engineering charts F 
Goodrich Co. 


Fasteners 

‘lor, 56-page price list and stock book 
for complete line of fastenings in brass, bronze 
copper, Monel, aluminum, stainless steel. H 
Harper Co 


821. Fasteners 

Complete file contains illustrations and engi 
neering descriptions of tasteners and fittings tor 
resistance welding, adjusting screws and other 
products. Ohio Nut & Bolt Co 


822. Ferro-Alloys 


“Electromet Products and Service” gives helpiul 
information about the use of ferro-vanadium and 
other alloying metals. Electro Metallurgical Co 


823. Flow Meters 


Catalog C-12 gives complete line of meters and 
accessories tor measuring pressure vacuum and 
differential pressure of liquids and gases. Meriam 
Instrument Co 


824. Forging Machines 

Bulletins describing Acme XN _ Forging Ma- 
chines, featuring the exclusive toggle link con- 
struction. Hill-Acme Co 


825. Forging Steel 

Bulletin 31 furnishe? helpful information on 
stainless forging problems and includes specific 
data on chemical composition of alloy steels 
Timken Roller Bearing Co. 


26. Forgings 

A new 16-page illustrated pamphlet follows a 
forging from the electric furnace through forge 
shop, heat treating. machining and inspection 
National Forge and Ordnance Co 


$27. Forming 

Special bulletin of metal spinning, stamping and 
fabricating facilities Dahlin Ce 


$28. Fuel-Air Ratio Control 

Metered control of fuel-air ratio in single and 
dual-fuel metallurgical furnaces is discussed in 
Instrumentation Data Sheet 4.3-4. Muinneapolis- 
Honeywell Regulator Co. 


$29. Furnace Controls 
Instruments and controls for heat treating fur- 
naces are described in bulletin 49-750. Hays Corp 


830. Furnaces 


Catalog 112 features new heat treating furnaces 
and atmosphere charts. C. J. Hayes, ln 


831. Furnaces 

High temperature furnaces for temperatures up 
to 2000°F are described in leaflet. Carl-Mayer 
Corp 


832. Furnaces 


Eight sizes in gas or electric models as well as 
conveyorized and batch or pot-type furnaces in 
bulletin 84P. Despatch Oven Co 


833. Furnaces 
6-page folder describes 18 typical installations 
of gas-fired and electric furnaces of various types 


complete with specially designed equipment tor 
bright annealing, scale-free hardening, carbon res 
toration, carburizing and production heat treat 
ment. Electric Furnace Cc 


834. Furnaces 

Production electric heat treating furnaces are 
described in Bulletin 1051 Types include those 
lor continuous brazing and sintering, bright an 
nealing, forging and general heat treating. Harper 
Electric Furnace Corp 


Furnaces 

Bulletin HD-850 describes new shaker hearth 
furnace used for bright carburizing. bright dry 
cyaniding or bright hardening of small parts in 
processing up to 150 Ibs. per hour Hen Duty 
Electric Co. 


836. Furnaces 

IMustrated bulletin available with complete de 
scription of new controlled atmosphere furnace 
Industrial Heating FE uipment Ce 


837. Furnaces 

Booklet containing attractive four-color illustra 
tions displays complete line of furnaces. Loftu 
Engineering Corp 


838. Furnaces 


Literature describing the use of Marshall tubular 
furnaces for constant and uniform temperature 
furnished in types suitable to your needs Also 
radial brackets in stationary, and compensating 


types. Marshall Products Co 
839. Furnaces 

New illustrated bulletin SC-152 presents 
treating furnaces for the aircraft industry Con 


veniently divided into sections on basic aircrait 
components: steel tubing. aluminum and light 
metal assemblies, jet and reciprocating engine 
parts, propeller blades and miscellaneous aluminum 
lorgings. Surface Combustion Corp 


840. Gas Analysis 


Theory of gas analysis, procedures involved in 
various analyses and instructions on maintaining 
and operating equipment are discussed in 60-page 
manual. Fisher Scientific Ce 


841. Gas Producers 

Bulletin 1-10 supplies technical information on 
inert gas generators and data on reducing inert gas 
rf M. Kemp Mfg. Co 


costs 


812. Gas Sampling 

16-page bulletin describing oxygen recorder and 
applications in sampling and analysis of atmos 
pheres. Instrument based on paramagnetic prop 
erties of oxygen. The Hays Corp. 


843. Hardness Tester 

Bulletin F-1689-1 tells of the Impressor. hard 
ness tester for aluminum, copper, brass, bronze 
and plastics. Barber-Colman Co. 


844. Hardness Tester 

Bulletin DH-114 contains full information on 
Tukon hardness testers for use in research and 
industrial testing of metallic and nonmetallic ma- 
terials Also included is bulletin DH-7, outlining 
experiences in Various fields. Wilson Mechanscal 
Instrument Co 


845. Heat Treating 

Booklet describes complete diversified facilities 
for steel, aluminum and magnesium heat treating 
Pearson Industrial Steel Treating Co 


816. Heat Treat 

Surface Hardening of Stainless Steel’, illus 
trated booklet. is available on request. Lindberg 
Steel Treating Co 


847. Heat Treating 

4-page technical bulletin explains how maximum 
hardness and strength of aircraft and other steels 
can be developed to meet S. Gov. Spec. MIL- 
H6875 thru use of extra high speed ,quenching 
oils. FE. F. Houghton & Co 
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FOR DETAILED INFORMATION * 
on these and twenty other 
industrial applications 

ASK FOR BULLETIN 


gta 35 TO 20,000 C.F.M.; 4 OZ. TO 10 LBS.; 1/3 TO 1,000 H.P. 


THE SPENCER TURBINE COMPANY ¢* HARTFORD 6, CONNECTICUT 
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_-Immersion Melting, 
Pots melt metals 


Lowest Cost-« 
= 


°* SAVE YOU 
UP TO 40% 
ON FUEL ALONE 


If you melt soft metals, lead, 

pewter, tin or salt, you can 

now cut your melting costs to 

rock bottom. Actual cases 

prove that modern Kemp 

Gas-Fired Immersion Heat- 

ing cuts fuel bills up to 40% 

and more. Reduces heat re- 

covery time to 1/3— assures 

44” pot with 10,000 Ib. capacity. high thermal efficiency for 
Casting rate: two tons per hour. both large and small units. 
re fuel savings of up to POSITIVE HEAT CONTROL 

There’s no brickwork to 

steal heat—no external com- 

oe bustion chamber — no carbon 

ore monoxide—no temperature 

anos | overrun. You get high melting 

rates, reduced dross formation 

= _—s and speed of temperature re- 

= = covery after adding cold 

Be a material. The Kemp Industrial 


Carburetor, part of each in- 
stallation, assures complete 


combusti installa- 
tion costs. 


SEND FOR DETAILS 
Newspapers report actual sav- Get the facts. Find out how 
ings of from 50% to 60% on much you can save —how 
fuel with 10-ton capacity melting Kemp Immersion Melting 
pot shown above. Pots can improve your melting 
operation. 


EMP IMMERSION MELTING POTS 


OF BALTIMORE 405 E. Oliver St., Baltimore 2, Md. 


© BURNERS © FIRE CHECKS © ATMOSPHERE & OAS GENERATORS 


METAL PROGRESS; PAGE 32 


848. Heat Treating 

Bulletin 120 tells how Niagara Aero Heat Ex- 
changers provide better heat control in quenching 
bath, thus protecting physical properties and sav- 
ing on water and piping equipment Niagara 
Blower Co. 


849. Heat Treating 


Atmospheres 
Attractive 7-page brochure investigates back- 
ground, reviews effects of various gases on steel, 
analyses composition and uses. Surface Combus- 
tion Corp. 


- 

850. Heat Treating Baskets 
Baskets designed for your individual needs in 

handling parts. All types of trays, fixtures, retorts 

ind carburizing boxes are described in catalog 16 

Stanwood Corp. 


851. Heat Treating Controls 

Bulletin PB1237 tells of free-vane electronic 
pyrometer controllers for automatic control of fur- 
naces, ovens and salt pots. Bristol Co. 


$52. Heat Treating Fixtures 
Information on complete line of standard car 

burizing carriers that will handle odd-shaped parts 

of every type thru carburizing and quenching to 

finishing. Pressed Steel Co. 


- 

853. Heat Treating Fixtures 
New catalog No. B-8 contains descriptions and 

photographs of 75 custom-built fabricated alloy 

heat treating accessories. Rolock, Inc 


- 
854. Heat Treating Furnaces 
Bulletin SC-153, illustrated in color, describes 
the fuel-fired batch and continuous furnaces used 
in production of small caliber ammunition. Back 
page contains handy reterence table showing rela 
tion of heat treat furnace equipment to consecutive 
steps in production. Surface Combustion Corp 


-- 

855. Heat Treating Furnaces 
Illustrated literature describes newest develop 

ments in gas and electric heat treating furnaces 

Westinghouse Electric Corp. 


856. Heat Treating Guide 
Chart guide constructed on slide-rule principle 


for simplified hardening and drawing of tool steels. 
The Carpenter Steel Co 


-- 
857. Heating Elements 

Bulletin H gives detailed information on AT-type 
nonmetallic electric heating elements, including 
tables for a wide variety of sizes available. Globar 
Div., Carborundum Co. 


858. Heating for Brazing 


and Annealing 
8-page, illustrated bulletin on high speed heating 
equipment for brazing, flame annealing, flame 
hardening, selective heating. and heating tor form 
ing. Gas Appliance Servce, Inc. 


- 
859. Helical Springs 

2-pager on how to obtain economical assortment 
of 100 beryllium copper compression springs for 
development work. Jnstrument Specialties Co., Inc 


860. High Speed Steels 

New booklet, “Why Desegatized’’, shows how 
these hi-carbon hi-chrome steels help to cut pro 
duction costs with thorough carbide distributior 
providing extra toughness and strength. Latrobe 
Electric Steel Co. 


861. High Temperature 

“Inco High Temperature Work Sheet’ provides 
valuable information and suggestions for solving 
high temperature problems in design and produc 
tion. International Nickel ¢ 


862. Induction Heater 

Illustrated bulletin on low-frequency (60 cycle 
induction heating furnace Fully descriptive with 
applications. Magnethermic Corp 


863. Induction Heating 

New 12-page. two-color bulletin on equipment 
for induction heating. Describes components and 
requirements for hardening, brazing, and anneal- 
ing at 1000, 3000. and 10,000 cycles General 
Electric Co. 


864. Induction Heating 

6-page, illustrated folder describes high trequency 
induction heating as exemplified by new high fre- 
quency induction furnace Laboratory Equip- 
ment Corp. 


865. Induction Heating 

Illustrated bulletin on new 60-cycle induction 
furnace for heating aluminum, magnesium, copper 
and brass for forging, extrusion and rolling. Loftu 
Engineering Corp 


866. Induction Heating 
12-page. illustrated booklet giving 15 case his- 


tories ot hardening. joining and annealing applica- 
tions of induction heat. Westinghouse Electric Corp 
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867. Industrial Planning 

New book 127 tells how you can share in 
“round-table” discussion of planning expansiot 
remodeling or modernization of your plant. Cor 
tinental Industrial Engineers, Inc 


868. Instruments 
Bulletin W1823 tells of controlling, recordin; 
and telemetering instruments. Bristol Co. 


869. Insulation, Block 

New 4-page folder on Superex block insulatic 
tells economical advantages and lists outstandirc 
properties by means of conductivity and heat lo 
graphs and recommended thickness table. John 
Manville 


870. Load Testing 

Bulletin 325 describes new Type P SR-4 tensic 
load cells based on SR-4 bonded resistance wil 
strain gages for load measurement. Gives spec 
fications tor load cells of four capacities betwee 
10,000 and 100,000 pounds Baldwin-Lim, 
Hamilton Corp 


- 
871. Lubricant 

New bulletin 426-B describes how colloid 
graphite can solve your lubrication problems 
metal-forming operations at temperatures fro 
below zero up to SO000°F. Acheson Colloids Cor 


872. Lubricants 

Folder lists rust preventives, lubricants, meta 
working aids, cutting oils meeting Governme 
specifications . F. Houghton & Co. 


873. Magnesium 
42-page booklet on processing and properties 


wrought forms of magnesium. Includes 31 table 
White Metal Rolling & Stamping Corp 


874. 


n Die Castings 


Book Magnesium Pays gives ca 
studies of the economical uses of magnesium in 
wide range of products. Dow Chemical Co 


- 
875. Metal Analysis 

New brochure describes the operation of tl) 
ARL Production, Control Quantometer which fu 
nishes direct-reading, pen-and-ink records of quant 
tative spectrochemical analyses with extra copic 
quickly and accurately. Up to 20 chemical el 
ments measured simultaneously. Applied R 
search Labs 


876. Metal Statistics 

“Metal of the Month” letters, including mark 
trends, statistics and other helpful data. Belmo 
Smelting & Refining Works 


877. Metallizing 

Current issue of the Metco News (v. 5, No 
describes and illustrates how you can stretch yo 
“Maintenance and Operating Supplies’ dolla 
with metallizing. Metallising Engineering Co., In 


- 
878. Metallizing Process 

New 20-page bulletin on the Mogul metallizi: 
gun is fully illustrated and tells show this proce 
aids in fighting corrosion. rebuilding worn part 
and reclaiming mis-machined castings. Met« 
lizing Co. of America 


879. Metallograph 

12-page catalog describes this completely ne 
all-in-one desk-type unit for metallographic wor 
American Optical Co. 


880. Metallograph 


New research Metallograph. described in catak 
E-240. furnishes four different accurate images 
same sample for complete identification with brig] 
field, dark field or polarized light. Bausch & Lon 
Optical Co 


881. Microhardness Tester 
Bulletin describes the Kentron microhardne 
tester Kent Cliff’ Laboratorte 


882. Microcasting 
New color-illustrated folder, “Microcast Ca 
Histories”, describes microcasting applications fi 
both industrial and defense requirements. Austen 
Laboratories, Inc 
883. Micrographic Equipment 
6-page bulletin on a universal camera microsco 
giving plate magnifications from 4 to 30005 
Full details on optics and accessories include 
Opplem Co 


884. Nickel Alloys 

“Pickling Equipment for Severe Corrosive Co 
dition” is a new booklet describing the successf 
use of nickel-base alloys in this applicatio 
Haynes Stellite Co 


. 
885. Nickel Cast Iron 

Bulletin describes eight types of Ni-Resist. giv 
applications and comparative service data in mas 
industrial fields. IJnternational Nickel Co., I» 


rs 
886. Nickel Silver 

Paper dealing with detailed description of prop 
toundry procedure for production of sound castin 


from nickel silver. Also specification informatio 
R. Lavin & Sons, Inc. 


IT PAYS TO “GO STRAIGHT” 
WITH WHEELCO CAPACILINE 


Get “straight-line” temperature 
control. This simple, low cost, 
supplementary control device 
adds the equivalent of propor- 
tioning control to your present 
pyrometer controller. Ideal for 
use on any kind of heating 
equipment such as ovens, fur- 
naces, kilns, etc. Saves fuel — 
eliminates spoilage — prevents 
“over-and-undershooting” — in- 
sures continuous uniformity of 


WHEELCO INSTRUMENTS COMPANY 
835 West Harrison Street, Chicago 7, Illinois 


Please send me Bulletin Cl-1 on the Wheelco Capaciline. 


heat treated materials. 

Use the Capaciline with “on- 
off” controllers of any make. 
There are no tubes, cams or 
motors in the Capaciline — it 
is operated through a very sim- 
ple electrical circuit. The Capa- 
ciline is available as a small self- 
contained unit, or as a built-in 
feature of Wheelco’s Capacilog 
strip chart recorders or Ca- 
pacitrol indicating controllers. 
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44” pot with 10,000 Ib. capacity. 
Casting rate: two tons per hour. 
Estimated fuel savings of up to 


Newspapers report actual sav- 
ings of from 50% to 60% on 
fuel with 10-ton capacity melting 
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867. Industrial Planning 

New book 127 tells how you can share in a 
“round-table” discussion of planning expansion 
remodeling or modernization of your plant. Con- 
tinental Industrial Engineers, Inc 


868. Instruments 
Bulletin W1823 tells of controlling. recording 
and telemetering instruments. Bristol Co 


869. Insulation, Block 


New 4-page folder on Superex block insulation 
tells economical advantages and lists outstanding 
properties by means of conductivity and heat loss 
graphs and recommended thickness table. Johns- 
Manville 


870. Load Testing 

Bulletin 325 describes new Type P SR-4 tension 
load cells based on SR-4 bonded resistance wire 
strain gages for load measurement. Gives speci- 
fications tor load cells of four capacities between 
10.000 and 100,000 pounds Baldwin-Lima- 
Hamilton Corp. 


871. Lubricant 

New bulletin 426-B describes how colloidal 
graphite can solve your lubrication problems in 
metal-forming operations at temperatures trom 
below zero up to 5000°F. Acheson Colloids Corp 


872. Lubricants 

Folder lists rust preventives, lubricants, metal- 
working aids, cutting oils meeting Government 
specifications. E. F. Houghton & Co 


873. Magnesium 

42-page booklet on processing and properties of 
wrought forms of magnesium. Includes 31 tables 
White Metal Rolling & Stamping Corp. 


874. Magnesium Die Castings 
Book, “How Magnesium Pays gives case 

studies of the economical uses of magnesium in a 

wide range of products. Dow Chemical Co. 


875. Metal Analysis 

New brochure describes the operation of the 
ARL Production Control Quantometer which fur- 
nishes direct-reading. pen-and-ink records of quanti- 
tative spectrochemical analyses with extra copies, 
quickly and accurately. Up to 20 chemical ele- 
ments measured simultaneously Applied Re- 
search Labs 


876. Metal Statistics 

“Metal of the Month” letters, including market 
trends, statistics and other helpful data. Belmont 
Smelling & Refining Work 


- 
877. Metallizing 

Current issue of the Metco News (v. 5, No. 9) 
describes and illustrates how you can stretch your 
“Maintenance and Operating Supplies’ dollars 
with metallizing. Metallising Engineering Co., Inc 


- 
878. Metallizing Process 

New 20-page bulletin on the Mogul metallizing 
gun is fully illustrated and tells show this process 
aids in fighting corrosion, rebuilding worn parts 
and reclaiming mis-machined castings. Metal- 
lizing Co. of America 


- 
879. Metallograph 

12-page catalog describes this completely new 
all-in-one desk-type unit for metallographic work 
American Optical Co 


880. Metallograph 


New research Metallograph. described in catalog 
E-240, furnishes four different accurate images of 
same sample for complete identification with bright 
field, dark field or polarized light. Bausch & Lomi 
Optical Co 


881. Microhardness Tester 
Bulletin describes the Kentron microhardness 
tester Kent Cliff Laboratorie 


882. Microcasting 

New color-illustrated folder, “Microcast Cast 
Histories’, describes microcasting applications for 
both industrial and defense requirements. Austenal 
Laboratories, Inc 


883. Micrographic Equipment 
6-page bulletin on a universal camera microsc ope 

giving plate magnifications from 4 to 3000 

Full details on optics and accessories included 

Opplem Co 


vs 
884. Nickel Alloys 

“Pickling Equipment for Severe Corrosive Con- 
dition” is a new booklet describing the successful 
use of nickel-base alloys in this application 
Haynes Stellite Co. 


- rs 
885. Nickel Cast Iron 

Bulletin describes eight types of Ni-Resist, gives 
applications and comparative service data in many 
industrial fields. International Nickel Co., Inc 


rs 7 
886. Nickel Silver 
Paper dealing with detailed description of proper 
toundry procedure for production of sound castings 
from nickel silver. Also specification information. 
Lavin & Sons, Inc. 


887. Ovens q 


18 standard sizes of furnaces and ovens, oil, gas 
or electric; in batch or conveyor type for rapid, n 
uniform heating in controlled temperature and 
atmosphere, described in bulletin 413. W. S q 
Rockwell Co. 


888. Photography 


Book entitled “Functional Photography in In 
dustry” describes processes and techniques appli- 
cable to a wide range of endeavor Eastman ¢ 
Kodak Co. 


889. Plating Barrels 
4-page folder illustrates and describes the Daniels 
Plating Barrel designed to handle any barrel 
plating problem quickly and easily with a unique 
contact arrangement for maximum current distri- 1 


bution. Daniels Plating Barrel & Supply Co 


890. Polishing 
12-page booklet describing modern techniques ‘ 
of industrial polishing and buffing as related to the 
varied buffs, polishes and plating supplies , 
Schaffner Mfg. Co. 


891. Potentiometer, Portable 


Bulletins 270 and 270-A_ describe portable 
potentiometers in a selection of ranges up to 1.6 
volts. Rubicon Co. 


892. Precision Casting 
4-page bulletin on precision investment casting 
in relation to product design. Adapti Co 


893. Precision Casting | 
4-page folder on cost reduction through in- 
vestment castings. Casting Engineers. Inc. 


$94. Precision Casting 

12-page, illustrated booklet on precision casting 
with emphasis on the most widely used equipment 
and supplies. Check list of applications in various 
fields included. Alexander Saunders & Co 


895. Precision Castings 

8-page, well-illustrated brochure with informa- 
tive engineering data or precision castings pro- 
duced by the Mercast process. Alloy Precision 
Castings Co, 


896. Presses 


Press owner's manual contains complete operat 
ing and maintenance ins*ruction for latest design 
straight-side doubic crank presses. E. W. Bliss Co 


- 
897. Presses, Bending 

Steelweld presses for bending. forming. blanking 
drawing and multipunching operations are de- 
scribed in catalog No. 2010. Cleveland Crane & 
Engineering Co. 


898. Presses, Punch 


Catalog TC describes line of twin-column punch 
presses Vales-Sirippit Corp 


899. Protective Chemicals 

Quick reference list of rust proofing, paint-bond- 
ing and metal protective chemicals is intended for 
all fabricators of steel, zinc and aluminum products 
American Chemical Paint Co 


900. Pyrometer 
New circular gives complete information on 
Xactemp pyrometers New Type LT-840 and 


all accessories are illustrated and described. Claud 
S. Gorden Co 


@ If mailed from countries o 
amount of postage stamps n 


BUSINESS REP 
No Postage Stamp Necessary If Mail 


4c POSTAGE WILL B 


METAL PRO 
7301 
CLI 


— 
— 
¢ 
If ys 
now 
Gas- 
ing | 
and 
cove 
high 
both 
Tt 
| ——— 
mon 
oven 
i rates 
comlt 
~ tion 
e Ge 
e muck 
Kem 
Pots 
— | 
‘DRYERS © METAL N 


901. Pyrometer 
Bulletin No. GEC-713 contains information on 
new electric-type pyrometer. General Electric Co. 


902. Pyrometers 

Two portable models, suitable for plant and 
laboratory, are described in bulletin PPY-1. 
Wheelco Instruments Co 


i- 
» 903. Quenching Additive 
New quenching additive described in “Quenzine 
Story” along with other heat treating compounds. 
Aldridge Industrial Oils, Inc 


Is 
904. Quenching Oil 
ie Solution to difficult quench oil purification 
” problems discussed in new bulletin. Also contains 


detailed operation of M-10-A purifier Honan- 
Crane Corp 


. 
~ 905. Quenching Oil 

New technical bulletin F8 describes triple-action 
quenching oil. Accelerators provide deeper harden- 
ing and reduced distortion. Park Chemical Co. 


906. Recorder 


6 Bulletin CL-1 describes the Wheelco Capaciline 
with ‘straight-line’ temperature control for use 
on any kind of heating equipment such as ovens, 
furnaces, kilns, etc. Available in self-contained 
unit or as built-in feature of the Capacilog. Wheelco 


ng Instruments Co. 
907. Refractories 

n- New 11-page bulletin on castable refractories 
containing product descriptions, applications, and 
charts for applications Profusely illustrated. 
Laclede-Christy Co. 

4 


908. Refractories 


Revised bulletin entitled “Lumnite Refractory 
Concrete” discusses latest available information 
on refractories and heat-resistant concrete. Lum- 
nite Div., Universal Atlas Cement Co. 


909. Refractories 
Complete details on refractory cements for every 
nonferrous melting operation are available in 
catalog 863. Norton Co 


n 
910. Refractory Coating 
Descriptive 4-page folder discusses refractory 
coating made from combination of ceramic and 
12 metallic materials. Williston & Co. 


‘ 911. Rolling Mill Equipment 
Illustrated 50-page catalog for rolling mills and 
accessories Also numerous engineering tables. 
E. W. Bliss Co. 


ch 
912. Rolling Mills 
42-page, illustrated book on development of the 
vd- continuous strip mill and other equipment for 
Lor processing ferrous and nonferrous metals. United 
ts Engineering and Foundry Co 
913. Rust Preventive 
on New “How” book shows how slushing and 
nd degreasing problems can be eliminated by Vapor- 
ud Wrapper method of packaging machines and parts 


Nox-Rust Chemical Corp 
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Get “straight-line” temperature 
| control. This simple, low cost, 
_supplementary control device 
_adds the equivalent of propor- 
‘tioning control to your present 

pyrometer controller. Ideal for 

use on any kind of heating 
equipment such as ovens, fur- 

‘naces, kilns, etc. Saves fuel — 
eliminates spoilage — prevents 
“over-and-undershooting” — in- 
Sures continuous uniformity of 


IT PAYS TO “GO STRAIGHT” 
WITH WHEELCO CAPACILINE 


heat treated materials. 

Use the Capaciline with “on- 
off” controllers of any make. 
There are no tubes, cams or 
motors in the Capaciline — it 
is operated through a very sim- 
ple electrical circuit. The Capa- 
ciline is available as a small self- 
contained unit, or as a built-in 
feature of Wheelco’s Capacilog 
strip chart recorders or Ca- 
pacitrol indicating controllers. 


WHEELCO INSTRUMENTS COMPANY 
835 West Harrison Street, Chicago 7, Illinois 


Please send me Bulletin Cl-1 on the Wheelco Capaciline. 


914. Salt Baths 


Technical data sheet available on Aeroheat 
1200, a chloride mixture in granular form contain- 
ing small amount of organic compound which acts 
as a rectifier and provides new solution to problem 
of decarburization. American Cyanamid Co 


915. Salt Baths 


Valuable technical information available on heat 
treatment and molten salt bath operations 1 
duPont de Nemours & Co 


916. Salt Baths 


Technical bulletin No. H-25 describes Neutra- 
Gas process, a method of maintaining neutrality 
in chloride-base salt baths. Park Chemical Co. 


917. Saws 

Catalog 49 describes complete line of metal- 
cutting saws, covering 35 models in ten basic types 
including fast, automatic production saw. hydraulic 
hack-saws and widely used small shop saws. 
Armstrong-Blum Co. 


918. Saws and Saw Blades 


Extensive new catalog covering complete line of 
hand and power hack-saw blades, metal-cutting 
band saws, band knives and other tools. Cape- 
well Myre. Co. 


919. Spectrophotometer 

Bulletin B-211 illustrates junior-size spectro- 
photometer for identifying and measuring solution 
constituents in analytical or production labora- 
tories. Harshaw Chemical Co 


920. Stainless Steel 

120-page reference book, cloth bound. on prop- 
erties. selection, treatment. and fabrication of 
stainless steels, Wrought forms and castings; high 
and low temperature properties Many tables 
Allegheny Ludlum Steel Corp 


921. Stainless Steel 

‘Fabrication of 17% Chromium Stainless (Type 
430)" illustrations of typical changes in die prac- 
tice. weld structures, mechanical properties of 
fusion welded joints and spot welds Armco 
Steel Corp 


922. Stainless Steel 

“Where to Use 17% Chromium Stainless (Type 
430) as an Alternate for 18-8" lists normal appli- 
cations, alternate uses, questionable applications 
and unsatisfactory uses Armco Steel Corp 


923. Stainless Steel 
Weekly lists with analyses of all plates in stock 
and latest data. G. O. Carlson, Inc 


924. Stampings 

26-page booklet contains reprint of paper on 
“How Modern Stamping Techniques Can Help 
Conversion Leake Stamping Co 


925. Steel, Alloy 


New 24-page booklet, ‘How to Specify and Buy 
Alloy Steel with Confidence’, emphasizes the im- 
portance of careful selection, positive knowledge 
of properties and accurate heat treatment in pur- 
chasing alloy steels. Jo Ryerson & Son, Inc 


926. Steel Bars 

New wall chart of 275 different grades of stand- 
ard. special and alloy steel bars shows chemical 
analyses and other data. LaSalle Steel Co 
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- 
927. 

Well-illustrated, 8-page folder on N-A-X low- 
alloy steels lists physical properties and test speci- 


Steel, Low-Alloy 


fications. Great Lakes Steel Corp 


928. Steel, Low-Alloy 


Booklet on Hi-Steel, which’ ha#nearly twice the 
working strength of ordinary steels plus the ability 
to stand up under impact loads. /nland Steel Co. 


929. Stress-Relieving 

New 4-page catalog folder describes how many 
unnecessary cleaning operations can be eliminated 
by new. practical, steam Homo method for stress- 
relieving of small! brass parts. Leeds & Northrup Co 


. 
930. Surface Inspection 

8-page folder explaining applications and equip- 
ment for Faxfilm, a plastic-replica process to show 
roughness, wear, grain and other surface condi- 
tions. Brush Development Co 


931. Temperature Control 

New catalog of improved pyrometer supplies 
gives data on thermocouples, protection tubes 
thermocouple and lead wire. insulations and 
terminal heads. Arklay S. Richards Co.. Inc. 


932. Temperature Control 

Folder N-33-640(1) presents both immersion 
thermocouple and immersion rayotube equipment 
for molten steel temperature measurement in 275- 
ton openhearth furnaces down to 1000-pound 
high-frequency induction furnaces. Leeds & 
Northrup Co 


933. Tensiometer 

8-page. illustrated bulletin on tensiometer, a 
device for continuous tension indication of cold 
rolled strip in steel, brass and aluminum mills 
describes the mechanical and electrical operation 
of the equipment and its possible applications 
General Electric Co. 


934. Testing 


Literature available on tensile and Brinell test- 
ing machines. Detroit Testing Machine 


935. Testing 

Folder on chemical, spectrographic, physical 
and metallographic services. United States Test- 
ing Co 


936. Textured Stainless 


6-page illustrated folder on suggested uses for 
stainless metals to conserve strategic alloys and 
reduce weight for the armed forces. Rigidised 
Metals Corp 


937. Thermocouples 
Catalog 25H gives complete description of 


thermocouples designed for special and unusual 
requirements. Thermo Electric Co. 


938. Thickness Gage 


A 12-page illustrated brochure describes two 
new model absorption and backscatter beta gages 
for the determination of weight per unit area of 
sheet materials. Tracerlab, Inc. 


939. Tool Steel 

Technical data folder on super molybdenum- 
type high speed steel Includes applications, 
analysis, and heat treating data. Firth Sterling 
Steel & Carbide Corp 
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940. Tool Steels 


Information on Warplis products, stock size 
and price folders will be sent on request. along 
with name of nearest distributor Pittsburgh 
Tool Steel Wire Co. 


941. Tools, Stellite 

Tool manual and catalog describes four different 
grades of cast cutting tool alloys. Gives physical. 
mechanical and chemical properties of alloys to 
help in selecting right tool alloy for various cutting 
operations. Haynes Stellite Co 


942. Torch Tips 

8-page catalog of replacement cutting and weld- 
ing tips suitable for torches made by 16 manufac- 
turers. The National Torch Tip Co. 


943. Tubing 


For full information on analyses available, pro- 
duction limits, commercial tolerances, temper desig- 
nations and product descriptions of Seamless and 
Weldrawn tubing, send for bulletin 32. Superior 
Tube Co 


944. Turbo-Compressors 

Bulletin No. 107-C, “The Turbo Compressor 
Data Book”, gives a variety of experience in 
pneumatic engineering. No. 126-A describes the 
turbo compressor listing more than 160 standard 
capacities. Spencer Turbine Co. 


9145. Ultrasonic Testing 

Commercial services using reflectoscope and 
reflectogage are described in bulletin 50-105 
Sperry Products, Inc. 


916. Vacuum Impregnation 
32-page brochure explaining process and includ- 

ing such applications as sealing of castings, im- 

gnation of oilless bearings and emery wheels 


Stokes Machine Co 

947. Vacuum Metallurgy 

Bulletin entitled “National Research Corp. and 
Vacuum Metallurgy” gives brief resume of the 
vacuum metallurgical operations and background 
of this company and of the research and develop- 
ment facilities and services available to the metal 
lurgist. National Research Corp 


948. Wax Injection Press 

4-page folder giving specifications and descrip- 
tion of press for production of wax patterns for 
precision casting. Alexander Saunders & Co. 


949. Welding 


“1951 Data File of Defense and Maintenance 
Conservation Welding Problems Over 100 pages 
ot illustrated technical data. Eutectic Welding 
Alloys Corp. 


950. Welding Electrodes 

New 12-page booklet, “The ABC's of Welding 
High Tensile Steels’, guides buyers and users of 
low-alloy, low-hydrogen electrodes. Arcos Corp. 


- 
951. Welding Electrodes 

19-page booklet. by three welding specialists 
summarizes results obtained with commercially 
available alloy steel rods in arc welding of high- 
strength ferritic steels. /nternational Nickel Co., Inc 


952. Welding Equipment 

Cadweld process and complete list of arc-welding 
accessories are described in catalog. Erico Prod- 
ucts, Ime 


953. Welding Equipment 
Welder’s crayons for permanent markings on 

metal surfaces are described in folder 

Korn, Ine. 


954. Welding, Nickel 


New 44-page booklet on fusion welding of 
nickel and high nickel alloys Illustrated and 
containing more than 30 tables. Both electric arc 
welding and gas welding. /nternational Nickel 
Co., Inc 


955. Welding, Oxy-Acetylene 

16-page, illustrated booklet traces the history of 
the oxy-acetylene flame and explains how industry 
is using it today in cutting, welding, and heating 
operations Many specialized jobs briefly de- 
scribed. such as hard-tacing, flame-softening, flame- 
hardening, powder-cutting and steel-conditioning 
Linde Aw Products Co. 


956. Welding Rods 

Publication B-13, “Anaconda Welding Rods and 
Procedures’’, suggests applications and procedures 
for production and repair welding, and for building 
up worn suriaces with bronze rods. Specifications 
and other tabular data on copper and copper 
alloy welding rods. American Brass Co 

- rs 
957. Wire Cloth 

New manual entitled “Engineers Manual! of 
Wire Cloth Strainer Design” describes selection 


of the grade of wire cloth and type of metal 
Michigan Wire Cloth Co 


958. Zine Plating 


Newly revised bulletin on the S-B process tor 
producing zinc deposits satin bright to bright in 
receptive to conversion 
Iridite and 
Hanson-V anWinkle-Munning Co. 


color, and particularly 
coatings such as Lusteron, Cronak, 
Anozinc. 


WT 


seroture Test Rocks are supplied in different styles or 
ven necessary for placing in the corrosive atmosphere. All 
a selection of different metals — which are exposed 


wusly to the corrosive conditions. 


» observe the effects of corrosive at- 
es. These carry a selection of different 
hich are placed right in the existing 
nt to give a direct comparison of 
ous materials under actual service 
Os. 


moval, the samples of various alloys 
ined. The suitability of the alloys or 
ee of damage is evaluated from the 
ace of scale, the depth of attack, and 
ta derived from metallographic study 
chanical testing. 


high-temperature problems, whether 
Mt activities or in new projects, Inco 
¢mperature Engineers will be glad to 
ith you. Let them send you the High- 
ature Work Sheet... to aid you in ex- 
s your problem. Then see if Inco Engi- 
nnot help solve your difficulty. 


(TIONAL NICKEL COMPANY, INC. 
dew York 5, N.Y. 
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914. Salt Baths 


Technical data sheet available on Aeroheat 
1200, a chloride mixture in granular form contain- 
ing small amount of organic compound which acts 
as a rectifier and provides new solution to problem 
ot decarburization. American Cyanamid Co. 


915. Salt Baths 


Valuable technical information available on heat 
treatment and molten salt bath operations. I 
duPont de Nemours & Co 


916. Salt Baths 


Technical bulletin No. H-25 describes Neutra- 
Gas process, a method of maintaining neutrality 
in chloride-base salt baths. Park Chemical Co. 


917. Saws 


Catalog 49 describes complete line of metal- 
cutting saws, covering 35 models in ten basic types 
including fast, automatic production saw. hydraulic 
hack-saws and widely used small shop saws. 
irmstrong-Blum Co. 


918. Saws and Saw Blades 

Extensive new catalog covering complete line of 
hand and power hack-saw blades, metal-cutting 
band saws, band knives and other tools. Cape- 
well Myre. Co. 


919. Spectrophotometer 

Bulletin B-211 illustrates junior-size spectro- 
photometer for identifying and measuring solution 
constituents in analytical or production labora- 
tories. Harshaw Chemical Co 


920. Stainless Steel 

120-page reference book, cloth bound. on prop- 
erties, selection, treatment, and fabrication of 
stainless steels. Wrought forms and castings: high 
and low temperature properties. Many tables. 
Allegheny Ludlum Steel Corp. 


921. Stainless Steel 

‘Fabrication of 17% Chromium Stainless (Type 
430 illustrations of typical changes in die prac- 
tice, weld structures, mechanical properties of 
fusion welded joints and spot welds irmco 
Steel Corp 


os 
922. Stainless Steel 

‘Where to Use 17% Chromium Stainless (Type 
430) as an Alternate for 18-8" lists normal appli- 
cations, alternate uses, questionable applications 
and unsatisfactory uses. Armco Steel Corp 


923. Stainless Steel 
Weekly lists with analyses of all plates in stock 
and latest data. G. O. Carlson 


24. Stampings 

26-page booklet contains reprint of paper on 
“How Modern Stamping Techniques Can Help 
Conversion Leake Stamping Co 


925. Steel, Alloy 

New 24-page booklet, ‘How to Specify and Buy 
Alloy Steel with Confidence’, emphasizes the im- 
portance of careful selection, positive knowledge 
of properties and accurate heat treatment in pur- 
chasing alloy steels. Jos. T. Ryerson & Son, Inc 


926. Steel Bars 

New wall chart of 275 different grades of stand- 
ard, special and alloy steel bars shows chemical 
analyses and other data. LaSalle Steel Co 


927. Steel, Low-Alloy 
Well-illustrated, 8-page folder on N-A-X low 

alloy steels lists physical properties and test speci- 

fications. Great Lakes Steel Corp. 


928. Steel, Low-Alloy 

Booklet on Hi-Steel, which” ha#nearly twice the 
working strength of ordinary steels plus the ability 
to stand up under impact loads. IJnland Steel Co. 


929. Stress-Relieving 

New 4-page catalog folder describes how many 
unnecessary cleaning operations can be eliminated 
by new, practical, steam Homo method for stress- 
relieving of small brass parts. Leeds & Northrup Co. 


930. Surface Inspection 

8-page folder explaining applications and equip- 
ment for Faxfilm, a plastic-replica process to show 
roughness, wear, grain and other surface condi- 
tions. Brush Development Co 


« 
931. Temperature Control 

New catalog of improved pyrometer supplies 
gives data on thermocouples, protection tubes 
thermocouple and lead wire. insulations and 
terminal heads. Arklay S. Richards Co., Inc 


932. Temperature Control 

Folder N-33-640(1) presents both immersion 
thermocouple and immersion rayotube equipment 
for molten steel temperature measurement in 275- 
ton openhearth furnaces down to 1000-pound 
high-frequency induction furnaces Leeds 
Northrup Co 


933. Tensiometer 

8-page, illustrated bulletin on tensiometer, a 
device for continuous tension indication of cold 
rolled strip in steel, brass and aluminum mills 
describes the mechanical and electrical operation 
of the equipment and its possible applications 
General Electric Co 


934. Testing 


Literature available on tensile and Brinell test- 
ing machines. Detroit Testing Machine 


935. Testing 
Folder on chemical, spectrographic, physical 
services. United States Test 
g Co. 


936. Textured Stainless 

6-page illustrated folder on suggested uses for 
stainless metals to conserve strategic alloys and 
reduce weight for the armed forces Rigidized 
Metals Corp 


937. Thermocouples 

Catalog 25H gives complete description of 
thermocouples designed for special and unusual 
requirements. Thermo Electric Co. 


938. Thickness Gage 


12-page illustrated brochure describes two 
= model absorption and backscatter beta gages 
tor the determination of weight per unit area of 
sheet materials. Tracerlab, Inc 


939. Tool Steel 


Technical data folder on super molybdenum- 
type high speed steel. Includes applications, 
analysis, and heat treating data. Firth Sterling 
Steel & Carbide Corp 
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Students should write direct to manufacturers. 


940. Tool Steels 


Information on Warplis products, stock size 
and price folders will be sent on request, along 
with name of nearest distributor Pittsburgh 
Tool Steel Wire Co. 


941. Tools, Stellite 

Tool manual and catalog describes four different 
grades of cast cutting tool alloys. Gives physical 
mechanical and chemical properties of alloys to 
help in selecting right tool alloy for various cutting 
operations. Haynes Stellite Co 


9412. Torch Tips 


8-page catalog of replacement cutting and weld- 
ing tips suitable for torches made by 16 manufac 
turers. The National Torch Tip Co 


9143. Tubing 


For full information on analyses available, pro- 
duction limits, commercial tolerances, temper desig 
nations and product descriptions of Seamless and 
Weldrawn tubing, send for bulletin 32. Superior 
Tube Co. 


944. Turbo-Compressors 

Bulletin No. 107-C, “The Turbo Compressor 
Data Book gives a variety of experience in 
pneumatic engineering. No. 126-A describes the 
turbo compressor listing more than 160 standard 
capacities. Spencer Turbine Co. 


9145. Ultrasonic Testing 

Commercial services using reflectoscope and 
reflectogage are described in bulletin 50-105 
Sperry Products, Inc. 


916. Vacuum Impregnation 

32-page brochure explaining process and includ 
ing such applications as sealing of castings, im 
pregnation of oilless bearings and emery wheels 
F. J. Stokes Machine Co 


947. Vacuum Metallurgy 

Bulletin entitled ‘National Research Corp. and 
Vacuum Metallurgy” gives brief resume of the 
vacuum metallurgical operations and background 
of this company and of the research and develop 
ment facilities and services available to the metal 
lurgist. National Research Corp 


948. Wax Injection Press 

4-page folder giving specifications and descrip 
tion of press for production of wax patterns tor 
precision casting Alexander Saunders & Co 


919. Welding 

“1951 Data File of Detense and Maintenance 
Conservation Welding Problems Over 100 pages 
of illustrated technical data. Ewlectic Welding 
Alloys Corp. 


950. Welding Electrodes 

New 12-page booklet, ““The ABC's of Welding 
High Tensile Steels’, guides buyers and users ot 
low-alloy, low-hydrogen electrodes. Arcos Corp 


951. Welding Electrodes 

19-page booklet. by three welding specialists 
summarizes results obtained with commercially 
available alloy steel rods in arc welding of high- 
strength ferritic steels. /nfernational Nickel Co., Inc 


952. Welding Equipment 

Cadweld process and complete list of arc-welding 
accessories are described in catalog. Erico Prod 
ucts, Ime 


953. Welding Equipment 
Welder's crayons for permanent markings on 
metal surfaces are described in folder Hm 


Korn, Inc 


vs 
954. Welding, Nickel 

New 44-page booklet on fusion welding of 
nickel and high nickel alloys Illustrated and 
containing more than 30 tables. Both electric arc 
welding and gas welding International Nickel 
Co ne 


955. Welding, Oxy-Acetylene 
16-page, illustrated booklet traces the history of 
the oxy-acetylene flame and explains how industry 
is using it today in cutting, welding, and heating 
operations Many specialized jobs briefly de 
scribed. such as hard-iacing, flame nr Bathe flame 
hardening, powder-cutting and steel-conditioning 
Linde Aur Products Co. 


956. Welding Rods 

Publication B-13, “Anaconda Welding Rods and 
Procedures’, suggests applications and procedures 
for production and repair welding. and for building 
up worn surtaces with bronze rods. Specifications 
and other tabular data on copper and copper 
alloy welding rods. American Brass Co 


- 
957. Wire Cloth 

New manual entitled “Engineers Manual of 
Wire Cloth Strainer Design’ describes selection 
of the grade of wire cloth and type of metal 
Michigan Wire Cloth Co 


958. Zine Plating 

Newly revised bulletin on the S-B process tor 
producing zinc deposits satin bright to bright in 
color, and particularly receptive to conversion 
coatings such as Lusteron, Cronak, Iridite and 
Anozinc. Hanson-VanWinkle-Munning Co. 
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How INCO HIGH-TEMPERATURE 


ENGINEERS SEEK 


Inco High-Temperature Service is 
ready to assist you on metal 
problems at high heat with all its 
knowledge of high-temperature 
metal performance. 


n laboratories at Bayonne, N. J., and 

Huntington, W. Va., creep tests mea- 
sure the load-carrying ability of various alloys 
at temperatures up to 2100°F, 


Other tests are constantly adding to the knowl- 
edge of how metals behave under varying de- 
grees of heat and corrosive conditions. These 
laboratory studies are extended by field work. 
Investigation of metals serving in high-tem- 
perature applications reveals why some metals 
stand up where others fail. Corrosion is often 
the most important cause of damage and 
failures. 


In field work Inco Engineers make use of High 
Temperature Corrosion Test Racks, shown 


Send for your copy of this 
new High-Temperature 
Work Sheet; it sim- 
plifies gathering the full 
story of your problem 


OF SERVICE 


High-Temperature Test Racks ore supplied in different styles or 
shapes when necessary for placing in the corrosive atmosphere. All 
are basically a selection of different metals — which are exposed 
simultaneously to the corrosive conditions. 


Biscoy THE INTERNATIONAL NICKEL COMPANY, INC. 
oe 67 Wall Street, New York 5, N.Y. 


above, to observe the effects of corrosive at- 
mospheres. These carry a selection of different 
alloys which are placed right in the existing 
equipment to give a direct comparison of 


the various materials under actual service 
conditions. 


After removal, the samples of various alloys 

are examined. The suitability of the alloys or ; 
the degree of damage is evaluated from the 
appearance of scale, the depth of attack, and 

other data derived from metallographic study 

and mechanical testing. 


In your high-temperature problems, whether 
in present activities or in new projects, Inco 
High-Temperature Engineers will be glad to 
work with you. Let them send you the High- 
Temperature Work Sheet... to aid you in ex- 
plaining your problem. Then see if Inco Engi- 
neers cannot help solve your difficulty. 
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Even HEAT TREATING 
with electronic control 


Set the control point at the desired tem- 
perature . . . and let the instrument do the 
rest. 

That's what happens in plants which use 
Bristol’s Free-Vane Electronic Pyrometer 
Controllers for automatic control of fur- 


naces, ovens and salt pots. 


BRISTOL 


The dependable 


Thousands of these controllers are in use 
giving outstanding performance. 

An extremely simple instrument—no mov- 
ing parts in the control circuit. It is offered 
for low-high and proportional current-input 
control for use with thermocouples or radia- 
tion units. Temperatures up to 4000 F. 


Write for Bulletin PB1237. Address THE BRISTOL COM- 
PANY, 106 Bristol Road, Waterbury 20, Conn. (The 


Bristol Company of Canada, Ltd., Toronto, Ont.) 


AUTOMATIC CONTROLLING, RECORDING AND TELEMETERING 
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Mineral intensifiers give Park 
Triple A Oil faster quenching speed 
through the critical range, resulting 
in faster and deeper hardening. 


LESS DISTORT 


Fast, uniform hardening in the 
critical range, plus a low cooling 
rate through the temperature zone 
of martensite formation, means 
less distortion from Park Triple 
A Oil. 


BRIGHT QUENCHING 


Special anti-oxidants used in Park 
Triple A Oil give it greater stabil- 
ity for longer life and bright 
quenching properties. This is im- 
portant when work is quenched 
from carbo-nitriding furnaces. 


7 For Hot Oil Quenching up to 450° F use Park Thermo 
Unretouched photographs of precision parts quenche rom a carbo- * * 

nitriding furnace in Park Triple A Quench Oil. From left to right are Quench Oil. Send for Bulletin No. F-7. 

parts quenched the first day, 30 days later, GO days later, and 90 days 


later. Bright and clean after over 3 months use with no indication of 
reduction of surface cleanliness, 


For These Critical Times... 


Now more than ever you will need Park Triple A Quench Oil 
. with steels of critical hardenability due to lean alloy content é: y 

and parts manufactured under government contracts, you can't — CHEM AP AMY 

afford costly rejects due to rigid inspection. Get the most from Pee 

your quench oil — get Park Triple A Quench Oil today and save 

on critical material and expensive rejects. Send for Bulletin No. : 

F-8 today, for complete information. 
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CHOOSE YOUR SPECTROCHEMICAL 


- EQUIPMENT FROM THE ARL LINE 


... the line that offers you the most complete selection and most . 
types of instruments and related equipment 


Multi-purpose, direct-reading spectrom- 
eter for quantitative analysis of inorganic 
samples. Instrument will give quantitative 
determinations of as many as 25 elements 
as selected by the user- up to 20 simul- 
taneously. Designed for routine produc- 
tion control and research analysis. Each 
instrument is designed to meet your spe- 
cific analytical requirements. 


Original Grating Spectrographs — 1.5 and 2 meters ¢ Source Units 


Extremely compact and versatile. Uniform 
dispersion over entire spectrum range. 
Original grating gives marked superiority 
in detecting elements in low concentra- 
tions. Paschen mounting for camera covers 
extensive spectrum range. Excitation 
stand handles flat and pin samples for both 
quantitative and qualitative analyses. 
Source units are available in types to meet 
all testing requirements. 


~ Film Comparator - Densitometer - easy to identify element lines 
ee and measure their density 


This instrument is manufactured to the 
highest ARL standards, permitting the 
most accurate qualitative and quantitative 
analyses, based upon spectrum line posi- 
tions and densities. It is easy to adjust 
and the image is located in a non-fatigu- 
ing viewing position. As many as 6 lines 
per minute can be easily read. 


The ARL line is manufactured by the world’s largest producer of this type of equipment. 
Write today for complete details about spectrochemical instruments and accessories to 
meet your needs. 


Applied Research Laboratories 


SPECT EOCHEATE ALR EQUIPMENT 
4336 SAN FERNANDO ROAD ¢ GLENDALE 4, CALIFORNIA 
NEW YORK @ PITTSBURGH © DETROIT © CHICAGO e 


tOS ANGELES 
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Heres why Fisher Combax Com- 


bustion Boats are more reliable: 


Deaser—high zircon content pro- 
duces amazing resistance 
against penetration of molten 
metal, increased mechanical 
strength, greater thermal shock 
resistance. 


Carbou and Sulfur Free—Caretully 
selected raw materials and 
exact firing techniques produce 
blank-free boats which make 
pre-burning unnecessary. 


Sealed Packages—boats are packed 
in de-greased, unlacquered met- 
al containers sealed at the fac- 
tory. No contamination from 

packing liners or hand contact 

before the boats reach the 
laboratory. 


Want to use the best boats? 


Write FOR 


from stem to Stern: 


THE FISHER 


SAMPLES 


the most reliable 


available 


COMBUSTION BOAT 


for determinations of carbon and 
sulfur in steel. 


Extensive research has resulted in a much 
better combustion boat. Greater body 
density, new blank-free specifications, 
latest mechanical packaging facilities com- 
bine to provide boats and covers that will 
bring a new order of accuracy to carbon 


and sulfur determinations. 


Heodquvorters for Loborotory Supphes 


FISHER SCIENTIFIC COMPANY 


717 Forbes 19) 035 (14) 


WASHINGTON 
7722 Woodbury 
Spring, 


ST. tours 
28505 (16) 


904 Jomes 


Fisher Scientific Company, 
717 Forbes St., Pittsburgh 19, Pa. 


r 

i 

! Please send me, without cost or obligation, 
' a sample package of the new Fisher Com- 
| bax combustion boats and covers. 

| 
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Temperature Fuel 
Record Rate 


Porition-Proportioning 


contro 


with automatic 


Electric Proportional Control Relay reset... Blectr-O-Line 
With Automatic Reset 


Temperature 
Record 


The Electr-O-Line delivers a continuous heat 


modulated according to exact procesa requirements 


contro 


adjuatments are included for proportiona 


rate, approach rate and sensitivity. For comp 


write for Specification Number 144 


Fuel 
Rate 


O-Pulse. 
Electric Proportional Control Relay 
With Automatic Reset 


approach rate (optional) and cycle time. For complete information, write 
Specification Number 195 


Time-Propor- 
tioning contro 
with autome 
reset. . .Elee 


The Electr-O-Pulse delivers an intermittent full heat input which is modu- 
lated on a pulse /time basis according to exact process requirements. Indi- 
vidual control adjustments are included for proportional band, reset rate, 


for 


atic 


Eiectr-O-Line and Electr-O-Pulse proportional 
control relays provide the sensitivity, accuracy 
and speed required for the most critical control 
problems. They feature a plug-in cable connec- 
tion to the controller, permitting unmatched 
mounting compactness and, therefore, a con- 
servation of panel space. 


Their extremely wide range of control adjust- 
ments are totally independent of each other. . . 
when one control adjustment is changed, the 
others are not upset. Thus, the relays can be 
precisely tuned-in with ease. Designed to with- 
stand severe industrial conditions, and un- 
affected by vibration, both are available 
mounted integrally with the ElectroniK propor- 


METAL PROGRESS; PAGE 38 


tional controller, or separately for modernizing 
existing installations. Both produce the same 
straight-line control. 

Call in our local engineering representative for 
a discussion of these relays or any other type 
of control to suit your specific requirements . . . 
he is as near as your phone. 
MINNEAPOLIS-HONEYWELL REGULATOR Co., 
Industrial Division, 4593 Wayne Ave., Phila- 
delphia 44, Pa. 


Honeywell 


| All the Control Functions you need... 
| for your | 
Furnace 
or 
Process 
put which is 
° \ “a 
| 
et 


HELP 


Oilite Finished Machine Parts — with NO Machining 


Oilite finished machine parts pro- 
vide dependable replacements 
for bronze, brass, aluminum, 
cast iron, steel, and plastics. 
Frequently, replacements are 
permanent. 


Oilite Material 

Many Oilite raw materials, i.e., 
metal powders, are produced 
from hy-products, readily avail- 
able. 


Tooling 
Using Oilite finished machine 
parts, you save 

Tooling programs 

Tool Design 

Machine Tools 

Jigs and Fixtures 

Cutting Tools 

Gages 

Floor Space 

Skilled Manhours 
Amplex type tools are, by com- 
parison, inexpensive. Tool and 
die making facilities are available. 


Delivery 
Making Amplex tools generally 
requires only days or weeks and 
no additional machines. 


Case Histories 
Under conditions like today’s 
we were in quantity production 
within six (6) weeks or less com- 
pared to eighteen (18) months 
by other processing. 


Service 

Our engineering and research 
covers a period of more than 
twenty (20) years in the produc- 
tion of Oilite metal powder prod- 
ucts. 

Home office personnel is aug- 
mented by a large staff of field 
engineers located in principal 
cities of the United States and 
Canada. 


OILITE 


PRODUCTS 


4 


2. 


i 

4 
> 


CHARGING END 


| 


ATMOSPHERE GENERATOR 
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"Gives us operational 
and safety features 
we must have"! 


says The Seymour. 


ICKET, Sy, VER 
Phosphor 


Bronze 
ANODES 
as-fired or electric, there’s a SA 


Westinghouse Furnace to meet 
every heat-treating need. 
Select from a wide variety of 
standard units; or special de- 
signs can be prepared to meet 
particular needs. It’s your 
assurance of an unbiased an- 
swer to your all-important 
problem. Westinghouse Elec- 
tric Corporation, Industrial 
Heating Division, Meadville, 
Pennsylvania. J-10370 


IF YOUR PRODUCT CALLS FOR 
HEAT-TREATING .. . IT CALLS FOR 
A WESTINGHOUSE FURNACE... 
GAS OR ELECTRIC 


_HEAT-TREATING 
FURNACES 
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“fully satisfies loading conditions. 


So again the choice is: GRAY IRON 


Specify gray iron for smaller operating parts, 
too, like these components of the torque control 
pictured above. 


MAKE IT BETTER WITH GRAY IRON 


Second largest industry in the 
metal-working field 
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BECAUSE GRAY IRON DOES THE JOB AT LOWER COST, the de- 
signer specified gray iron castings for this torque control 
housing. He knows you can’t beat gray iron for ready 


machinability at a specified pressure strength level. 


GRAY IRON GIVES YOU ALL THESE ADDED PRODUCTION ADVAN- 
TAGES: Castability. rigidity. low notch sensitivity, wear-, 
heat- and corrosion resistance, durability, vibration ab- 


sorption, wide strength range. 


SO SPECIFY GRAY IRON when you need 
a part that must meet many strue- 
tural and functional requirements 

with economy. We know gray iron 


will satisfactorily serve your needs, 


| 
| 
7 
AL 
es 
SCRAP IS NEEDED FOR DEFENSE—KEEP IT MOVING! 
GRAY IRON FOUNDERS’ SOCIETY, INC. | 
4 | 


For ALUMINUM 
Aging + Pre-heating 


Solution heat treating 


For FERROUS METALS 
Stress relieving + Normalizing 


Aging + Tempering - Drawing 
For all heating requirements up to 1350° F. 
where accurate heat control and uniformity 


in the work chamber is desired. Car bottom 
furnaces. Bottom entry quick quench furnace 


for solution heat treatment of aluminum. 
Conveyorized furnaces and all other material 


handling designs. 


ane 


: Battery of Despatch pot 
— 


furnaces heat treating steel pats. 


Write to Dept. P for more information. 


Minneapolis Office: 
619 S. E. 8th St. 


Chicago Office: 
4554 Broadway 


OVEN COMPANY. 
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Other engineers are 
finding many new uses for 


this new SR-4 device... How about you? 


Further expanding the engineer's field of exact 
knowledge, the Baldwin SR-4 Fluid Pressure 
Cell opens entirely new opportunities in the 
precise measurements of both stable and fluctu- 
ating pressures in all types of fluids. 

Heart of the cell is a pressure-sensitive tube 
with an SR-4 strain gage grid bonded to its 
exterior. Gas or liquid to be measured enters 
this tube, causing it to expand, which stretches 
the fine wire in the grid. The consequent altera- 
tion in electrical resistance, calibrated in p.s.i. 
or other units, is measured by an indicator or 
recorder, or actuates monitor or alarm apparatus. 
The cell is easily installed, and is adapt- 
able to use with all types of fluids—cor- 
rosive or non-corrosive—and over a wide 


range of pressures. A wide variety of indicating, 
recording and controlling instrumentation is 
available to meet your particular requirement. 
Calibration inaccuracy is not more than 4% of 
full range at any point from 0% to 100% of 
capacity, and this measuring performance is 
maintained under hundreds of thousands of pres- 
sure cycles. The unit is extremely responsive to 
pressure fluctuations making it invaluable for 
research on surges and similar pressure fluctua- 
tions, and explosion studies. For more detailed 
information, ask for Bulletin 306. One of our 
representatives will be glad to discuss the appli- 
cation of these cells to the solution of any fluid 
pressure measurement or control problem you 
may have. 


ALDWIN - LIMA -HAMILTON 


TESTING HEADQUARTERS 
EDDYSTONE DIVISION, BALDWIN-LIMA-HAMILTON CORPORATION, PHILADELPHIA 42, PA. 
in Canada: Peacock Bros., Ltd., Montreal, Quebec 
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@ The girls in the picture are just ordinary 
unskilled workers. But they easily turn out 
transformer connectors, beautifully brazed, 560 
per hour. 

You can get similar happy results with 
EASY-FLO or SIL-FOS on your brazing jobs 
by following the same simple formula—pre- 
place the alloy and use a fast heating medium 
with a set-up designed to keep assemblies mov- 
ing to and through the heating station in a 
steady flow. 


WE'RE READY TO HELP YOU PLAN 
YOUR BRAZING JOBS. Our field engi- 
neers have helped manufacturers in every in- 
dustry plan hundreds of ferrous, non-ferrous 
and dissimilar metals brazing jobs, from joint 
design right through into production. We're 
ready to do as much for you—without obliga- 
tion of any kind. Just contact our nearest office 
or agent and say when you would like a field 
engineer to call. 


ist of drawn © 

mities consis ed into it 
Ane b oe on right fluxes 
prongs 


VALUABLE BRAZING PRODUCTION DATA IN THIS FREE 24-PAGE BULLETIN 


This bulletin gives full details about low-temperature silver alloy 
brazing plus a lot of useful information about joint design and 
fast production methods. Write today for a copy of BULLETIN 20. 


‘Ge HANDY & HARMAN 


OFFICES and PLANTS 
BRIDGEPORT, CONN 


ORIGINATORS Or 


General Offices: 82 Fulton St., New York 38, N.Y. 


su FOS 


AGENTS IN PRINCIPAL CITIES 


PROVIDENCE, I. 


DETROIT, MICH 
LOS ANGELES, CAL. 
TORONTO, CANADA 
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Here’s how it’s done! 
| 
parts and loads them on 4 
on table which rotates at a predeter- 
mined speed. She also removes brazed | 
assemblies. The other girl inserts the 
EASY-FLO rings. Brazing takes place avto- a 
matically os assemblies Poss over the nat- 
yral gos burners located oround half the a 
table circumference- i's as simple os that. 
— 
a 
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and the 


problem of 


From designer’s board to customer’s hands, 
weight in your product may be expensive. Weight 
enters into the cost of the raw material. Weight 
determines production methods and machinery 
requirements. It enters into the cost of labor 
and the cost of transportation. And in many 
products, extra weight is a costly penalty in sales 


results. Weight, wherever it is found, costs money. 


Now, consider magnesium. Here is the world’s 
lightest structural metal. Its weight is nearly 


. 336) less than 


75) less than that of steel . . 


of our defense effort, particularly where light weight is a specification in 
design. For instance, a B-36 bomber uses nearly 30,000 pounds of magnesium 
But tomorrow, magnesium promises new horizons in the tield of metal supply 


The seas, at our own shores, can provide 100,000,000 tons of magnesium per 


Magnesium Division 


New York Boston Philadelphia Atlanta Cleveland Detroit « 


WEIGHT 


in your 
product 


This Little “Pig” Was Drafted... 


Today, magnesium like many other metals, is a tremendously important part 


year for a million years without sidnificantly reducing the supply! 


THE DOW CHEMICAL COMPANY + MIDLAND, MICHIGAN 


Chicago St. Lours 
Houston « San Francisco ¢ Los Angeles © Seattie « Dow Chemical of Canada, Limited. Toronto. Canada 


aluminum. Wherever design is based on weight 
limitations, this lightness permits the use of 
thicker, more rigid sections without a weight 
penalty. In thousands of applications, magnesium 
has permitted better design, better performance, 
more payload, and at the same time decreased 


costly weight. 


In redesigning your product for tomorrow's mar- 
ket, plan with magnesium, the world’s lightest 
structural metal, a standard material wherever 


light weight is important. 


COC 
ace CC 
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Baltimore industry, like industry throughout the 
Eastern Seaboard, has need for a low cost, 
highly accurate instrument for the rapid meas- 
urement, indication, control and recording of 
electrically measurable variables in the produc- 
tion processes. That's why Baltimore production 
men, like progressive plant men throughout the 
nation, specify the Wheelco Capacilog, deflea- 
tion type, strip chart recorder. They demand 
the most efficient, versatile and accurate re- 
corder in the most reasonable price range. 


Yes, for accuracy to Y% of 1% of total scale, they 
specify the Wheelco Capacilog. Capacilogs are 
built for use with thermocouples and resistance 


Photo — Fairchild Aerial Survey, inc 


the wheelco capacilog recorder 


thermometer measuring elements; as single or 
multipoint recorders; and with six different con- 
trol combinations including pneumatic and pro- 
portioning types. Remember, in Baltimore and 
throughout the nation, wherever production de- 
mands accuracy, Wheelco Capacilog Recorders 
are specified. 


Assembly line production and simplicity of construction 
make it possible to deliver most models within 20 days. 


Wheelco Instruments Company, 835 W. Harrison Street, Chicago 7, Illinois 


wheelco electronic contrals 


DECEMBER 1951; PAGE 47 


... with a New IPSEN 


HEAT TREATING UNIT 


Clutch Parts Processed 23 Times Faster 


Here's how heat-treating the “Ipsenway” saves time and improves 
product quality for Rockford Clutch Division, Borg-Warner Cor- 
poration. Current records show a wide range of parts, now 
carbonitrided and quenched automatically in this new Ipsen T-600 
double hearth unit, are handled up to 2-1/2 times faster than 
previous methods. 


Distortion Controlled to Within .003” 


For example, S.A.E. 1010 Steel Drive Plate Retainers are now 
processed automatically at a rate of 8,000 pieces per 8-hour day. 
Previously, with a cyaniding process, production averaged 3200 
per day. Nine individual operations are eliminated, the workpieces 
come out bright, are scale-free and rust resistant. In addition, 
a highly uniform case depth is maintained, and distortion is held 
to within .002 -.003” 


Write FOR MORE FACTS TODAY 
AUTOMATIC 


Unloading end of Ipsen T-600 Heat-Treating unit. 
Temperature and atmosphere contro! instruments and 
generator are shown in the background. Automatic 
operation and controlled atmosphere principle assures 
bright, scale-free work, uniform results. 


TYPICAL JOB RESULTS 


1 Outer Retainer Plate —SAE 1010, carbonitrided 
004”, 450 per heat, 70 minute cycle. Fixturing, pickling, 
washing, rust-proofing, and four loading and unloading 
operations eliminated. 


2 Release Sleeve —SAE 1010, carbonitrided .012" 
300 per heat. Same operations eliminated as above. 
Control of hardness accurately maintained. 


3 Release Lever—SAE 1010, carbonitrided .012" 
800 per heat. Handled 50°" faster than previous cya- 
niding method. Distortion reduced, uniform results 
maintained. 


Find out how Ipsen Heat-Treating units and methods can be profitably 


applied to your work. If you desire, samples or production lots will be 


sen 


HEAT TREATING UNIT 


Ask for FREE Data Sheets . . 


run, proper procedures established and results pre-determined for you. 
. Covering operating facts on actual jobs. 


IPSEN INDUSTRIES, INC., 715 South Main Street, Rockford, Illinois 


Production units for CARBONITRIDING « CARBURIZING « HARDENING « BRAZING « MARTEMPERING 
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TENTATIVE sy. 
STEEts 


Today, when Government restrictions are en- 
forcing the use of leaner alloys with unfamiliar 
heat treatment response, you'll find Ryerson 
Alloy Service more helpful than ever. The tests 
we make to assure quality, verify analysis and 
guide your heat treating are your best protec- 


tion against costly production errors. 


For example, we put every heat of Ryerson 
Alloy through four separate hardenability tests. 
The result: Positive knowledge of the harden- 
ability of every shipment of Ryerson alloy. 


These tests enable you to buy on the basis of 


JOSEPH T. RYERSON & SON, INC.—PLANTS AT: NEW YORK . 
CLEVELAND PITTSBURGH BUFFALO CHICAGO e 
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RYERSON STEEL 


ANDAR 


hardenability, in addition to analysis—the only 
really safe way to buy alloys under today’s condi- 
tions. All test information—hardenability, an- 
alysis, etc.—is carefully recorded on a Ryerson 
Alloy Certificate which is delivered with your 


steel as a guide to heat treatment. 


Don’t take today’s alloys for granted. Order 
by hardenability from Ryerson and be doubly 
sure. Some shortages are inevitable, but, as 
always, we'll do everything possible to meet 
your requirements. So, for any steel need, phone 


the Ryerson plant nearest you. 


BOSTON PHILADELPHIA DETROIT CINCINNATI 
MILWAUKEE ¢@ ST.LOUIS © LOS ANGELES © SAN FRANCISCO 
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Bureau of Standards 
in the Past 50 Years 


HE NATIONAL BUREAU OF STANDARDS this year 
T observes the semicentennial of its establish- 
ment in 1901. The original organization consisted 
of six divisions, concerned with the establish- 
ment and maintenance of standards in the fields 
of electricity, weights and measures, heat and 
power, optics, chemistry, and mechanics. 

Determinations of the properties and behav- 
ior of metals were carried on in connection with 
this establishment and maintenance of standards 
also. In July 1913, the Metallurgy Division was 
organized with the late George K. Burgess as its 
first chief, and a staff consisting of John J. 
Crowe, Henry S. Rawdon, Howard Scott, and 
R. G. Waltenberg.* The justification for estab- 
lishing a new division for concentrated work in 
metallurgy was presented by Dr. 

Burgess in 1916, as follows: 
“The 


concerning 


available knowledge 
properties of metals 
and alloys and the dependence of 
these properties upon what we 
may call the life history of these 
metals, including their pedigree, or 
preparation and composition, and 
conditions of birth, or their manufacture, is all 
too meager, both in quantity and quality.” 

Enlarging upon this theme he quoted Prof. 
Henry LeChatelier as follows: 

“Concerning the physical properties of alloys, 
it is impossible to find numerical data worthy of 
any confidence. This comes from the fact that, 
on the one hand, experiments have been made 
by physicists too disdainful of chemical analysis, 
and on the other hand by chemists unfamiliar 
with physical measurements. It would be impos- 
sible in some cases to repeat to within 50% 
results which were nevertheless measured with 
a precision of one in a thousand, on account of 
lack of sufficient indications as to the composi- 
tion of the alloy studied; again, several measure- 
ments made on alloys of exactly determined 
composition do not agree among themselves to 


By John G. Thompson 
Chief 
Metallurgy Division 
National Bureau of Standards 
Washington, D. C. 


10°. Practically, it is only 


Metallurgy at the for the melting points of 


alloys that we possess some- 


what accurate information.” 

The quotation from Pro- 
fessor LeChatelier was ex- 
tended by Dr. Burgess’ own 
comments, “This statement 
by Professor LeChatelier is 
by no means an exaggera- 
tion, and that such condi- 
tions as he describes with 
respect to the metallic alloys 
may exist appears to be due, 
in part at least, to a lack of appreciation of the 
importance of the history of the materials which 
are being studied. How many precise measure- 
ments, for example, have been made on material 
described merely as ‘iron’, the results of which 
are oftentimes meaningless because of lack of a 
sufficient and necessary knowledge of chemical 
composition, mechanical heat treatment, and 
thermal history?” 

The scope of the new division included the 
production of ferrous and nonferrous metals and 
alloys, including “pure” metals, and the deter- 
mination of their constitution, composition, prop- 
erties, fabrication, heat treatment, and utilization. 
This broad coverage of the field of physical 
metallurgy represented quite an undertaking for 
a staff of five, including the 
division chief, and a program 
of expansion was undertaken, 
Among the first additions to 
the staff, in 1914, were Paul 
D. Merica and Raymond W. 
Woodward.* In 1916 J. R. 
Cain and his co-workers were 
transferred from the Chem- 
istry Division to constitute a section of Chemical 
Metallurgy in the new division. Completion of 
a new building in 1918 provided improved facil- 
ities for the growing division and by 1920 the 
names of Samuel Epstein, John R. Freeman, Jr., 
Herbert J. French, Marcus A. Grossmann, Louis 
Jordan, and James S. Vanick* had been added 
to the roster; A. L. Boegehold had served at the 
Bureau on detail from the Army’s Ordnance 
Department. When Dr. Burgess became Director 
of the Bureau in 1923, personnel of the Metal- 
lurgy Division totaled about 45. 

Interests of the Metallurgy Division during 
its first ten years were numerous and varied in 
character. In this review it is possible to cite 


only a few subjects of outstanding and per- 
*Present locations of these early staff members 


are given in the footnote on p. 52. 
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manent interest and to confine personal mention 
to the guiding spirits, regardless of the merits 
of the contributions of the co-workers. 

The work of Burgess and his co-workers on 
pyrometry and melting point determinations. 
critical points in iron and other metals, fusible 
tin boiler plugs, production of high-purity plati- 
num, and production of sound ingots and steel 
rails deserves special mention. Burgess was the 
leader in the important investigation of the effect 
of sulphur and phosphorus in steel which con- 
tinued for a number of years under the coopera- 
tive sponsorship of the National Bureau ot 
Standards, American Society for Testing Mate- 
rials, and the U. S. Railroad Administration. 

Probably the outstanding item of these early 
days was the work of Paul D. Merica and asso- 
ciates on the constitution of aluminum alloys. 
It culminated in 1919 in the publication by 
Merica, Waltenberg, and Scott, of the first ade- 
quate explanation of the mechanism of the age 
hardening of duralumin. It was shown that the 
compound CuAl, was retained in supersaturated 
solid solution during quenching, and was subse- 
quently precipitated (with consequent strength- 
ening and hardening of the alloy) as a result of 
aging at low temperatures. These observations 
led to the recognition and understanding of many 
other examples of “precipitation hardening”, or 
“aging”, in both laboratory and commercial 
metals and alloys. 

Henry S. Rawdon made valuable contribu- 
tions in the fields of metallography, microstruc- 
ture, stress-corrosion, corrosion, and protective 
metallic coatings. Production of high-purity 
iron and studies of gases in metals were started 
by J. R. Cain and continued by his suecessor. 
Louis Jordan. The problem of the malleability 
of nickel was solved by Merica and Waltenberg 


The work of Howard Scott on dimensional 
changes of steel during hardening, and Raw- 
don’s results on the hardening of spark-fused 
high-purity iron, were useful in the subsequent 
development of the theory of the hardening of 
steel. Herbert J. French began his pioneer work 
on high-temperature properties of metals and 
methods of testing. John R. Freeman, Jr., deter- 
mined the constitution of alloys of iron and 
nickel. Samuel Epstein investigated the micro- 
structure of “dirty” steels. 

The preparation of circulars, each com- 
prising an assembly and critical review of avail- 
able information on a_ particular metal, or 
subject, was an important activity in the early 
days of the Division, when metallurgical infor- 
mation was fragmentary, widely scattered, and 
not always completely reliable. Prior to 1928 
the Division produced circulars on Aluminum 
and Its Light Alloys; Protective Metal Coatings 
for Rust-Proofing lron and Steel; Melting Points 
of Chemical Elements and Other Standard Tem- 
peratures; Nickel; Analysis of lron and Manga- 
nese Ores; Strengths and Related Properties of 
Metals and Certain Other Engineering Materials: 
Metallographic Testing: Structure and Related 
Properties of Metals; Copper; Invar and Related 
Nickel Steels. [Lhe demand for these circulars, 
plus the rapid advances in metallurgical knowl- 
edge in those days, made their maintenance and 
revision a major undertaking. 


EARLY WORK ON UNUSUAL ALLOYS 


The early records of the Division remind us 
that interest in such alloying elements as boron, 
cerium, titanium, uranium, and zirconium is not 
new. During World War |, the War Depart- 
ment and the Navy sponsored investigations of 


Nickel Co. of 


Early N.B.S. Staff Members York City. 


Raymond W. 


Woodward is 


Canada, Ltd., New ternational Nickel Co. of Canada. 


Ltd., New York City. 
Marcus A. Grossmann (past- 


John J. Crowe is now assistant director, Electronics Division, Gen- president @) is advisor, Research 
vice-president of Air Reduction Co., eral Research Laboratory, Under- Planning, U. S. Steel Co., Pitts- 


Inc., Murray Hill, N. J. 

Henry S. Rawdon is now retired 
from National Bureau of Standards 
and lives in Bethesda, Md. 

Howard Scott is manager of 
Metallurgical and Ceramic Depart- 
ment of the Research Laboratories 
of Westinghouse Electric Corp. at 
East Pittsburgh, Pa. 

kh. G. Waltenberg has retired 
from H. A. Wilson Co., Newark, 
N. J., and lives in Onancock, Va. 

Paul D. Merica is now executive 
vice-president of International 
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wood Corp., Hartford, Conn. 

J. RK. Cain, consultant in chemi- 
cal and metallurgical engineering, 
died in 1948. 

Samuel Epstein is now research 
engineer for Bethlehem Steel Co. 
in Bethlehem, Pa. 

John R. Freeman, Jr., is techni- 
cal manager for American Brass 
Co., Waterbury, Conn. 

Herbert J. French (past-presi- 
dent @) is vice-president of Inter- 
national Nickel Co., Inc., New York 
City; assistant vice-president, In- 


burgh, Pa. 

Louis Jordan is executive secre- 
tary of the Division of Engineering 
and Industrial Research, National 
Research Council, Washington, 

James S. Vanick is metallurgical 
engineer for International Nickel 
Co., New York City. 

A. L. Boegehold (past-president 
©) is head of the metallurgical 
department, Research Laboratories 
Division, General Motors Corp., 
Detroit. 
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Zn the occasion of the S0th Anniversary of the National 

of Standards, the American Society for Metals presents its 
congratulations. Fortunate it was that when the metallurgical division 
was established 38 years ago, the late, great George Kimball Burgess 
(fourth President of our own Society) was made its chief. The high goals 
he set for the original group of five men have guided their successors 
until today, and ‘are an earnest of the fruitful years ahead. The carly 
studies and discoveries in the art of high-temperature measurement, 
the quench hardening of steel, the age hardening of aluminum, and 


the measurement of gas in metals have had the widest application 
in the metallurgical ere everywhere. More recent notable 
h 


achievements in the s igh-purity iron,wire for suspension 
bridges, and plating for wildod ships will match the cartier work in 


gain, 20.000 metallurgists comprising the American Society for 
Metals hail the National Bureau of Standards and bid it God speed! 
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these and other alloying elements for ordnance 
uses. Many of the ingots were prepared by the 
Bureau of Mines and other agencies, but were 
hot rolled to plate by Raymond Woodward and 
physical properties of the plates were determined 
by others in the National Bureau of Standards. 

The late Horace W. Gillett was the second 
chief of the Division, transferring from the 
Bureau of Mines in March 1924 and departing 
in June 1929 to become the first director of 
Battelle Memorial Institute. During his regime 
the Division continued to expand as a result of 
his broad interests and versatility. Cooperation 
with technical societies and the study, under the 
Research Associate plan, of problems of par- 
ticular interest to industrial groups, were prev- 
alent in the boom times preceding 1929. 

During this period Rawdon made numerous 
contributions in the fields of corrosion, corrosion 
testing and (with the late E. C. Groesbeck) in 
metallography. His “Protective Metallic Coat- 
ings”, Monograph No. 40 in the American Chemi- 
cal Society's series, is authoritative. Corrosion 
embrittlement of duralumin and its mitigation 
by proper heat treatment and protective coatings 
were the subject of several investigations. Dem- 
onstration of the value of a protective coating 
of pure aluminum sprayed on duralumin was an 
achievement of the Division which antedated the 
commercial production of Alelad material. 

French continued his pioneer work on high- 
temperature properties of metals and methods 
of testing and was awarded the Henry Marion 
Howe medal for the best paper in Transactions 
of the American Society for Steel Treating (now 
the American Society for Metals) in 1930. His 
work (with ©. Z. Klopseh) on the mecha- 
nism of the quenching of steel had important 
commercial consequences. An extended investi- 
gation of machinability was started. Freeman 
showed that the alleged allotropy of zine did not 
exist, and contributed to our knowledge of the 
properties of babbitt, of the endurance properties 
of rail steel, and of the tensile properties of sol- 
dered joints under prolonged stress. 

Jordan did pioneer work on gases in metals 
and developed vacuum fusion into a practical 
and useful tool for the determination of oxygen, 
nitrogen, and hydrogen in steel. To provide 
special crucibles for laboratory melting of 
unusual metals such as spectroscopically pure 


platinum, Jordan developed procedures for puri- 
fying magnesia, zirconia, bervilia and thoria and 
for fabricating these products into useful shape. 
Another of his achievements was a report on 
tarnish-resisting silver alloys of sterling grade. 

Scott continued his valuable contributions 
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on dimensional changes of steel during temper- 
ing and aging, and on the origin of quenching 
cracks. Epstein’s work on normal and abnormal 
steels was meritorious and his construction of 
an automatic metallographic polishing machine 
was a pioneer effort in that field. William H. 
Swanger developed procedures for mechanically 
working rhodium, a metal previously considered 
unworkable. Harry K. Herschman showed that 
air hardening steels supplied greatly improved 
performance as rivets in military tanks. In the 
experimental foundry, ©. M. Saeger, Jr., started 
the Bureau's cooperative work with American 
Foundrymen’s Society on the testing and speci- 
fication of molding sands. 

Various members of the staff collaborated 
in preparing “Principles of the Heat Treatment 
of Steel”, which was published by the American 
Society for Steel Treating in 1928, and was used 
as a school and university textbook. The cir- 
cular “Light Metals and Alloys”, published in 
1918, was revised and reissued in 1927. Dr. 
Gillett was one of the founders, in 1927, of Alloys 
of Iron Research under the sponsorship of 
Engineering Foundation. 

In 1929, H. S. Rawdon became the third chief 
of the Metallurgy Division, and served until he 
retired in 1945. Important contributions to the 
science and practice of meta!lurgy were made 
during the 1930's, in spite of the effects of the 
depression on budget and personnel, particularly 
with respect to Research Associate activities. 


THE DEPRESSION AND THE WARK 


In the field of the preparation and determi- 
nation of the properties of pure metals, reports 
were made on nickel, bismuth, thorium, and the 
Bureau's own pure iron project. Nickel of 
99.94 purity, the highest purity available up 
to that time, was supplied by the International 
Nickel Co., Inc.; Jordan and Swanger developed 
techniques for melting and working this high- 
purity metal and assembled its properties as 
determined in various laboratories throughout 
the Bureau. Many of these determinations are 
still recorded as the properties of pure nickel. 
Bismuth was studied by John G. Thompson, 
Research Associate for Cerro de Pasco Copper 
Corp., in an attempt to expand the uses of this 
metal. The available information was compiled 
in Circular 382, and the study of various alloys 
of bismuth paved the way for subsequent indus- 
trial uses for fusible alloys containing bismuth. 
Thorium was a new metal in 1930 and the 
various laboratories of the Bureau cooperated 
in the study of a limited amount of commercially 
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produced metal, reportedly of 99.7 or 99.8% 
purity, prepared by calcium reduction and by 
electrolytic methods. 

Preparation of iron of the highest possible 
purity and its alloys had been of interest to the 
Metallurgy Division throughout its history. 
Electrolytic iron was carefully prepared by Cain 
and his co-workers before 1920, and its alloys 
with carbon, silicon, sulphur, and manganese 
were studied. In the early 1930's, when the 
history of pure iron was reviewed in preparing 
“The Metal —- Iron” for the Alloys of Iron Mono- 
graph Series, it was evident that none of the 
sarlier irons could be considered as “pure” in 
view of the limitations in scope and reliability 
of the reported analyses and of the important 
effect of very minute amounts of certain impuri- 
ties. In attempts to improve upon the purity 
of electrolytic iron, a process was developed 
which involved chemical purification of an iron 
salt and conversion of the purified product, in 
successive steps, to iron oxide, sponge iron, and 
small melted ingots. Thompson and Cleaves 
reported that iron, 99.99° pure according to 
exhaustive analyses by chemical and spectro- 
chemical methods, was obtained, having the high- 
est established purity to that time in this country 
or abroad. Work along similar lines was revived 
after World War IL. 

During Rawdon’'s term as chief of the Divi- 
sion the extended cooperative investigations of 
rail steel and of the effect of phosphorus and 
sulphur steel were coneluded. The final 
report on sulphur in steel was published for the 
Joint Committee by the American Society for 
Testing Materials in 1936. 


Identification of a secondary brittle range 


in steel at about 550°C. (1025° F.) by John R. 
Freeman, Jr., and G. W. Quick was a factor in 
the development of controlled cooling rates in 
rolling mill practice, which supplied a practical 
solution to the problem of shatter cracks in 
railroad rails before hydrogen was identified as 
an important factor. 

Thomas G. Digges’ contributions in the field 
of machinability of steel and machinability test 
methods were meritorious, and were followed by 
useful contributions on the factors affecting 
austenitic grain size and on critical cooling rates. 
The late W. H. Mutchler’s study of corrosion by 
marine exposure of light sheet metals for aircraft 
use produced results of great value to the Govern- 
ment and to the aircraft industry. R. W. 
Buzzard’s work on anodizing aluminum and 
magnesium alloys in chromic acid baths, spon- 
sored by the Bureau of Aeronautics, resulted in 
numerous patents and furnished the basis for 


Navy specifications that are still in use. A report 
by H. H. Walkup and E. C. Groesbeck on factors 
affecting the Preece test for zine coatings accel- 
erated the controversy that is still in existence. 

D. J. MeAdam, Jr., completed his work on 
stress-corrosion and corrosion-fatigue of metals 
in various media and began a ten-year program 
of notable achievements, with R. W. Mebs, G. W. 
Geil, and J. A. Bennett, on the flow, fracture, 
and ductility of metals. S. J. Rosenberg and 
Louis Jordan made the first study reported in 
this country of the effect of different atmospheres 
on the wear of steel and showed that adherent 
films of oxide serve to prevent wear. 


FAULTY BRIDGE 


The study by the late Wm. H. Swanger 
and G. F. Wohlgemuth of the failure of wire 
cables of the Mt. Hope, Rhode Island, bridge 
was awarded the Charles B. Dudley medal for 
1936 by the American Society for Testing Mate- 
rials. Swanger also made valuable studies of 
special refractories for high temperatures, and 
of the cold treating of metals to produce shrink 
fits. His work, with A. R. Maupin, on the 
strength and creep of soldered joints in copper 
pipe lines was of value to the building trade 
S. M. Shelton’s determinations of thermal con- 
ductivities of ferrous materials over the range 
from 100 to 500°C. continue to be quoted 
frequently. 

Herbert C. Vacher’s work on carbon-oxygen 
equilibria in liquid iron maintained the high 
standards of the Bureau's work in the field of 
gases in metals, and an international cooperative 
study of methods for the determination of oxygen 
in steel (reported by Thompson, Vacher, and 
Bright in 1937) established the merits and reli- 
ability of the vacuum fusion method 

The late A. J. Dornblatt, research associate 
for the American Silver Producers Assoc., 
directed metallurgical work on silver and its 
alloys at the Bureau and served as principal 
liaison officer with other laboratories that coop- 
erated in a three-year study of industrial uses 
for silver. Results obtained in the silver project 
were compiled in the 1940 book “Silver in Indus- 
try”, edited by Lawrence Addicks. 

In the field of foundry metallurgy, C. M. 
Saeger and A. |. Krynitsky developed a fluidity 
spiral to measure the running quality of metal, 
improved the methods for preparing cast iron 
test bars, and perfected a procedure for meas- 
uring deflection in transverse test bars all the 
way to fracture of the specimen. Saeger’s devel- 
opment of rubber binders and coatings for cores 
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and molds resulted in several patents and has 
had numerous industrial applications. Krynitsky 
studied the elastic properties of cast irons and, 
in 1941, recorded the presence of nodular graph- 
ite in some as-cast, low-alloy iron. 

Useful information on bearing bronzes and 
white metal bearing alloys was developed by 
Harry K. Herschman. The use of oxalic acid as 
an electrolytic etchant for welded stainless steel, 
reported by G. A. Ellinger, has since found 
numerous applications for other metals. H. L 
Logan showed that electrode potential was related 
to the susceptibility of duralumin to intererys- 
talline corrosion and determined the cooling 
rates necessary to control this susceptibility. 

The Navy Department requested cooperation 
in the Bureau of Ships’ program to develop 
procedures for welding ship plate and structural 
steel of greater thickness than had previously 
been considered weldable. The Bureau’s con- 
tribution was the development of metallographic 
and metallurgical evaluation of experimental 
welds; as a byproduct G. A. Ellinger and M. L. 
Williams (with A. G. Bissell of the Bureau of 
Ships) were awarded the American Welding 
Society’s Lincoln medal in 1942 for their devel- 
opment of the Tee-bend test. In subsequent 
examination of fractured plates from welded 
ships, Ellinger and Williams showed that all the 
tested plates met specification requirements; 
fractures always started at a notch, either 
structural, mechanical, or metallurgical; and 
that plates in which fractures originated or 
which were traversed by fractures, had relatively 
low Charpy impact values and high transition 
temperatures — that is, temperatures where duc- 
tile fracture changes to brittle fracture. Suscep- 
tibility of ship plate to fracture evidently can be 
predicted by means of impact and _ transition 
temperature tests, but it is not yet clear why 
certain plates are notch sensitive and susceptible 
to the propagation of fractures. 


Thermal Analysis in Controlled 


Atmosphere 


During World War II much of the work of 
the Division was of a confidential nature and the 
results (if published at all) did not appear until 
after H. S. Rawdon had retired as division chiet 
in 1945, and had been succeeded by the present 
author. The latter had had the unusual experi- 
ence of participating in metallurgical work with 
uranium in both World Wars I and Il 


ACCOMPLISHMENTS SINCE 1915 


Work on the effect of temperature, stress 
system, strain rate, and prior history on the flow, 
fracture, and ductility of metals was conducted 
under the supervision of D. J. McAdam until his 
retirement in 1947 when T. G. Digges took over. 
McAdam’s work did much to clarify the mech- 
anism of the fracture of metals. G. W. Geil made 
a mechanical gage for measuring reduction ol 
area to +0.0001 in. for tension tests in the range 
from +100 to —196° C., where true fracture stress 
and the strain at fracture cannot be determined 
accurately from diameter measurements made 
after fracture of a ductile metal. Current proj- 
ects include studies of the mechanism of plastic 
deformation in each of the three stages of creep. 
and of the mechanism of deformation and 
fracture at temperatures down to the boiling 
point of liquid nitrogen. A new project in this 
section is a study, in cooperation with the 
Electronics Division, of solid metals for use in 
ultrasonic delay lines, a “memory system” for 
storing received signals without appreciable 
attenuation or distortion. 

Thomas G. Digges’ wartime work on the 
effect of boron on various properties of com- 
mercial and laboratory steels showed that boron 
enhances hardenability and decreases the rate of 
nucleation of ferrite and carbide, because of its 
effects on the solid solution at heat treatment 
temperatures. S. J. Rosenberg’s study, sup- 
ported by the U. S. Navy’s Bureau of Aero- 
nautics, of the stabilization of carbides 
in 18-8 stainless steel by titanium and 
columbium, to avoid intergranular cor- 
rosion during service at high tempera- 
tures, resulted in changes in Navy 
specifications and in production prac- 
tice. His recent work has shown that 
solubility of carbon in 18-10 austenite 
is less than had been believed, and has 
established the solubility limits between 
800 and 1975° F. 

H. E. Cleaves and his co-workers 
have revived the “pure iron projects” 
and are attempting larger scale produc- 
tion of iron of at least 99.99 purity. 
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R. A. Lindberg developed improved techniques 
for slip-casting beryllia and other special refrac- 
tories for melting highly purified metals. V. C. F. 
Holm’s paper on the usefulness of several resin- 
ous sealants to correct porosity in metal castings 
has been in considerable demand, while the con- 
tributions of Krynitsky and co-workers to the 
testing and specification of foundry sands have 
been particularly useful to members of the Amer- 
ican Foundrymen’s Society. Harry Stern’s work 
on the mechanism of the formation of nodular 
graphite in cast iron is producing interesting 
results in the malleable iron industry. 

Fatigue of metals has been investigated in 
several projects in recent years. J. A. Bennett 
has done excellent work on the nature of fatigue 
damage, its early detection, and its possible cure 
or amelioration. The paper by H. L. Logan on 
his wartime work (sponsored by the Bureau of 
Aeronautics) on the effect of chromium plating 
on fatigue of aircraft metals was an important 
contribution. 

In this same field Harry K. Herschman 
showed that composite electroformed printing 
plates, used by the Bureau of Engraving and 
Printing, had better resistance to fatigue in 
printing operations if they were joined to their 
blocks by plastic adhesions instead of solder. 

Underground Corrosion — In postwar reor- 
ganizations, the Bureau's work in this field was 
transferred to the jurisdiction of the Metallurgy 
Division. The program of exposure tests, con- 
ducted during the past 30 years by K. H. Logan 
and others with cooperation of pipe line, public 
utility and manufacturing organizations, is being 
completed by lL. A. Denison. Corrosion data have 
been obtained from approximately 35,000 speci- 
mens, representing more than 300 varieties of 
metals and protective coatings, distributed in 
more than 100 test sites throughout the United 
States. The Bureau has established the test 
procedure for underground corrosion and has 
accumulated a vast amount of data which has 
been made available to the public, but the pro- 
gram of exposure tests is apparently reaching 
the point of diminishing returns. After com- 
pletion of the current program, in 1952, when 
the last of the previously buried specimens will 
be disinterred, any further tests of new materials 
or in new exposure sites necessarily must be 
sponsored activities conducted under the Research 
Associate plan. The exposure program has been 
supplemented by laboratory work which at 
present is particularly concerned with theoretical 
and practical aspects of cathodic protection; for 
example, H. D. Holler’s important contributions 
to the controversial question of the measurement 


of corrosion while it is occurring underground 
In studies of the corrosion of metals in other 
environments, H. L. Logan is making good 
progress in his work on the mechanism of stress- 
corrosion, and F. M. Reinhart is continuing the 
long-standing study of the corrosion of light 
metals for aircraft use, under the joint sponsor- 
ship of the Bureau of Aeronautics, National 
Advisory Committee for Aeronautics, and 
Wright Air Development Center. 

Investigation, for other Government agen- 
cies, of failures of metals in service in trans- 
portation equipment on land and sea and in the 
air has receded somewhat from its wartime peak 
but is still active. 


PRESENT ORGANIZATION 


The Metallurgy Division, and the entire 
National Bureau of Standards, has benefited 
from a postwar program of reorganization and 
modernization. Renovation and redecoration of 
the building in which the Division is housed 
have improved working conditions. Replacement 
of obsolete equipment and installation of new 
has appreciably improved facilities; further 
improvement in facilities and quarters is con- 
templated. 

The work of the Division is now conducted 
in four sections of approximately equal size: 

T. G. Digges is in charge of Section 1, 
Thermal Metallurgy. 

H. E. Cleaves is in charge of Section 2, 
Chemical Metallurgy. 

J. A. Bennett is in charge of Section 3, 
Mechanical Metallurgy. 

G. A. Ellinger is in charge of Section 4, 
Corrosion Metallurgy. 

Activities in the four sections have been 
sketchily indicated; work for other Government 
agencies —- particularly in connection with the 
defense effort —is expanding as fast as limita- 
tions of space and personnel will permit. The 
staff at present comprises approximately 70, with 
service records ranging up to 31 years, and with 
an average of 9.6 years length for employees of 
professional status. 

The Metallurgy Division offers opportunities 
for qualified metallurgists, of any grade recog- 
nized by the Civil Service Commission, to con- 
duct or assist in metallurgical research in the 
field of physical metallurgy, under conditions 
which approximate the freedom of university 
life. Members of the staff are encouraged to 
participate in extracurricular activities and par- 
ticularly in the world of technical and scientific 
societies 
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American Society for Metals 
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c. AIRMEN oF @ Chapters, when they introduce 
President John Chipman, need not fear boring 
him by telling about our “second oldest profes- 
sion”, or using metallurgical double-talk about 
the platinum blonde with the bivalent gleam in 
her steel blue eyes. Those allusions are as 
palatable to him as the shrimps on which he was 
reared along the Mississippi Gulf Coast, or the 
lobsters which he now can easily get in Cam- 
bridge, where he heads Massachusetts Institute 
of Technology's department of metallurgy. 
Besides, Professor Chipman, who naturally looks 
like a Cape Cod vestryman, can slyly slip a 
metallurgical naughtiness of his own into his 
talk, when he is obliged to rouse an audience of 
work-a-day metallurgists. 

Unpleasantly, and unfortunately, rouse them 
is just what he has to do altogether too often. 
Metallurgists control the very core of our 20th 
century civilization and are fixing our future. 
They are leading us away from total dependence 
on the eight or ten metals known since the begin- 
ning of history and introducing us to the possi- 
bilities. as vet but dimly known, but certainly 
enormous — of the 60 or more other metals in 
the periodic sequence. 

Unfortunately, the average citizen doesn't 
know anything about metallurgy and the metal- 
lurgist. In fact, when the scientists in charge of 
the early study of the atomic bomb wanted to 
camouflage a diversity of fundamental work on 
the chain reaction it was “cryptically named 
‘Metallurgical Laboratory’ of the University of 
Chicago”, in the words of the Smyth Report. 
(We can pause here long enough to note that 
Chipman supervised the truly metallurgical 
investigations on uranium metal and materials 
of pile construction of the “Metallurgical Labo- 
ratory” as well as associated problems at home 
base in Cambridge.) 

An announced objective of the new President 
of the American Society for Metals is to improve 
the education of Americans generally as to what 
metallurgy is and why, to preach the gospel that 


young men will do well to educate themselves as 
metallurgists, and finally to wake up the present 
metallurgists to their importance in the scheme 
of things. 

President Chipman has had some good 
grounding in fervid preaching. His father (John 
Chipman, too, a New York civil and mining 
engineer who went to Florida in’ 1877) was 
ordained in the Episcopal ministry, and long 
held the pastorate of St. John’s Church in Pasea- 
goula, Miss., on the Gulf Coast. Two and a half 
centuries earlier, the first American Chipman, 
also a John, became an elder in the church at 
Barnstable on Cape Cod. 

President Chipman, however, is basically a 
learned educator of metallurgists. He reached 
that goal by a peripatetic education of his own, 
starting with chemistry. He attended the Univer- 
sity of the South, because it was a good chem- 
istry and liberal arts school and took him back 
after a hitch in the World War I field artillery 
(buck private to 2nd lieutenant). Next came the 
University of lowa, because he could get a job 
as teaching assistant while working for his M.S. 
degree; then Illinois Weslevan, where he taught 
chemistry and there he met, wooed and married 
Ruth Hayes, a Peoria, Ul. girl who had done 
postgraduate work botany: University of 
California, where both could earn their doctor- 
ates and, in particular, benefit from the mentor- 
ship of the late Gilbert N. Lewis; Georgia Tech, 
to have a job and contribute something to his 
native South as a teacher; University of Michi- 
gan, as a research engineer; American Rolling 
Mills at Middletown, Ohio, as associate director 
of research laboratories; and finally Massachu- 
setts Institute of Technology as professor of 
metallurgy (since 1937) and head of the depart- 
ment of metallurgy (since 1946). 

All along he had been publishing papers in 
scientific and technical journals, some 60° of 
them, which demonstrated his authority on reac- 
tions in liquid metals, vapor pressure, chemical 
equilibrium high temperatures, and steel- 
waking. This has naturally acquired him pro- 
fessional honors: @s Henry Marion Howe 
Medal in 1934 for his paper in Transactions 
which has become a classic (“Applications of 
Thermodynamics to the Deoxidation of Liquid 
Steel”); the Hunt Award of American Institute 
of Mining and Metallurgical Engineers in 1939; 
University of the South's honorary Se.D. in 
1940; Campbell Memorial Lectureship in 
1942 (“Chemistry at 1600"); A.LM.E.’s Howe 
Lectureship in 1949 (“What Is Metallurgy?”); 
and last October, the Franklin Institute's silver 
Francis J. Clamer Medal “for meritorious 
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achievement in the field of metallurgy’. The 
Royal Academy of Sciences of Sweden has also 
honored him by electing him a foreign member. 

The Chipmans live in shady Winchester. 
Mass., just beyond Cambridge. Their elder child, 
David Randolph, is doing research in physies at 
M.LT. Daughter Ruth Elizabeth is studying 
anthropology at Cornell. Father John diverts 
himself with photography, fishing and sailing. 
From his various travels he likes to bring home 
varieties of Labiatae mentha ‘mint to you), 
primarily for Mrs. Chipman’s botanical garden, 
secondarily for a well-known drink popular in 
the South. 

At Massachusetts Institute of Technology 
Professor Chipman has organized a metallurgical 
curriculum and built up unexampled = labora- 
tories which offer two options, one in metal- 
lurgy, the other in mineral engineering. 

The metallurgy course provides a_ broad 
training in the science of metals and the engi- 
neering involved in their production and con- 
version to useful products. 

Mineral engineering includes all phases of 
beneficiation, extraction and purification 
ical and chemical 


phys- 
of valuable constituents from 
ores, solid) fuels, ceramic raw materials and 
other mineral substances. 

Graduate students at M.LT. can enroll for 
degrees of Master of Science in Metallurgy, 
Metallurgical 
Engineer, Mineral Engineer, or Doctor of Science 
in’ Metallurgy, in) Mineral 


Master of Science in Ceramics, 


Engineering or in 
Ceramics. 

Aside from his executive duties and super- 
vision of research and graduate work, Professor 
Chipman lectures to fourth-year students on 
metallurgical thermodynamics, and to graduate 
students on the principles of steelmaking. 

To President Chipman as educator it does 
not matter much by what route a student even- 
tually reaches metallurgy. Says he: “A student 
of metallurgy devotes only about one third of 
his effort during a four-year course to studies 
of metallurgy. Half of his time is spent on basic 
science and engineering, nearly 20% on the arts 
and humanities, and one third on his specialty. 
A large portion of the entire field of metallurgy 
must be omitted — and in fact should be. It is 
quite feasible, nonetheless, to teach the funda- 
mentals of most of the pertinent subjects, pro- 
vided the student is not overburdened with mere 
description or with a plethora of specific appli- 
cations. It is far more important, for example, 
that he have a real grasp of physical chemistry 
than that he know the dimensions of the biggest 
blast furnace.” 
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This catholic approach to the halls of metal- 
lurgy was foreshadowed by his own experience. 
Asked why he-~—a specialist in physical chem- 
istry-— should go to work on reactions in 
molten metallic systems, the reply was, “It 
looked like it was about time somebody did.” 

The number of juniors and seniors at M.LT 
(40 in each class) is a pedagogic miracle ol 
evangelical Chipman persuasiveness. During the 
past five vears there have been an average ol 
only four freshman students intending al 
that early stage to become metallurgists, but 
Professor Chipman, his faculty and his upper- 
classmen convince the others that they should 
transfer. 

In his department Chipman has 25 faculty, 
most of them ASMembers, including his execu- 
tive officer, Prof. Carl F. Floe. He has 102 
graduate students, 12 of them in ceramics. 

Obviously the presence of such a large body 
of graduate students in metallurgy is related to 
the superlative equipment and instruction avail- 
able in Cambridge. That being established, John 
Chipman’s present ambition is to broaden the 
undergraduate base, to multiply the present 
meager enrollment in the metallurgical courses 
offered in so many colleges and universities on 
this continent. He believes that the American 
Society for Metals can be a powerful instrument 
in attaining this objective. 

If the @’s diverse activities in past years 
can be summarized in a few words, it might be 
said that they were primarily directed toward 
spreading new information among its members 

metallurgists and metal engineers who need 
to keep abreast of developments in their field, 
and who for the most part were not educated 
primarily for metallurgy 
or chemical engineers. 


rather as mechanical 
Chipman’s ambition is 
to turn some of the strong resources of the 
Society toward the recruitment of young men 
by intensifying the present promotional work 
“advertising” the metals engineer, if you will 

so that parents will know something about 
metallurgy, by a more consistent educational 
campaign among science teachers and student 
advisers in high schools, by propaganda origi- 
nating in each Chapter and in fact in each 
ASMember, by the establishment of 
awards, and like activities. 

This is truly an educational program. Very 
much of it John Chipman wants to put into 
effect, or at least get well started, during this 
brief year as president. He ought to be able to 
do so, for he is a superb scholar, educator and 
administrator 


teaching 
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ODAY the United States stands before the 

world with the lamp of liberty raised high 
in one hand and the atomic bomb in the other 
To many people — both at home and abroad 
this is a spectacle that is more fearsome than 
comforting. They have no difficulty in imagin- 
ing the suffering and desolation among innocent 
civilians that would follow in the wake of an 
all-out, global atomic war. [Consequently | many 
sincere people have asked, ‘‘Is the United States 
really pursuing the right course?’’ 

I believe that we are, insofar as moral con- 
siderations influence the actions we take. Up 
to the present, in our period of atomic world 
leadership, we have undoubtedly taken the 
moral factor into aceount. I think it will for- 
ever redound to our credit that during the post- 
war period when we had exclusive possession of 
the atomic bomb we never once resorted to its 
use to settle our international differences. 

Unfortunately, I believe, the Communists 
have been aware of the important role played 
by the moral factor in our deliberations and they 
have counted on it and taken advantage of it 
They have been left free to pursue an atomic 
program of their own which they may well hope 
may cancel out this weapon. 

You may ask why I raise these questions 
today. I raise them because, through our atomic 
energy expansion program and recent techno 
logical developments in the atomic weapons 
field, we are entering an era where our power 
to wage warfare with atomie devices is so great, 
even in comparison with the recent past, that 
our fundamental concepts of what atomic war- 
fare is must undergo a revolutionary change. 

In the past, most of us have thought of 
atomic warfare in terms of intercontinental 
bombers striking at the great cities and indus- 
trial hearts of an enemy nation. This concept 
of atomic warfare, while still true, is now no 
longer the whole truth. It is but one kind of 
atomic warfare, and there is now a new, quite 
different kind, much less fearsome as far as 
noncombatants are concerned, and much more 
promising as a means of halting aggressors with- 
out the risk of destroying large parts of the 
world in the process. Beeause of our great tech- 
nological strides, we are now entering an era 
when the quantities of atomic weapons available 
to us will be so great, end the types so varied, 
that we may utilize them in many different ways 
heretofore not possible. We can use atomic 
weapons tactically as well as strategically. 

In the past, we in America have been 
inclined to attach an unusual significance to 
numbers as far as atomic weapons are con- 
cerned. There has not been nearly the same 
amount of intense curiosity about the number 
of artillery shells, TNT bombs or torpedoes that 


New Atomic Weapons’ 


might be in our national stockpile. In the case 
of such conventional weapons, most people tend 
to accept the military man’s evaluation of what 
he can do with them, and they do not necessar 
ily wish to know how many he has — partly, at 
least, because they have the general impression 
that he has a very large number 

It is this kind of situation into which we 
are now moving in regard to atomic weapons. 

I would like to be able to tell you how far 
into this new era we have advanced, but I can- 
not. I can say, however, that we are definitely 
in this new era. With each passing day our 
design and production progress is steadily add 
ing to the number of situations in which atomic 
weapons can be tactically employed against 
military targets. 

But where does this leave us in terms of 
our moral position’? It leaves us in a position 
where we can with complete justification treat 
the tactical atom — divested of the awesome 
cloak of destruction which surrounds it in its 
strategic role—in the same manner as other 
weapons are treated. We are now at the place 
where we should give serious consideration to 
the use of an atomie weapon, provided it can be 
used effectively from the military standpoint 
and [provided] it is no more destructive than is 
necessary to meet the particular situation 

Our recent technological advancements con- 
stitute a message, not of despair, but of hope — 
hope to the millions of people throughout the 
world who have feared that the only two alter- 
natives left to mankind are gradual submission 
to persistent Communist encroachment on the 
one hand or atomic obliteration on the other 
We now have the third possibility of being able 
to bring to bear on the aggressor himself — at 
the place of his aggression — the fruits of our 
technological capabilities, and to meet the 
invading force in the field with a firepower that 
should cancel out any numerical advantage he 
might enjoy. Not only does this provide hope 
that we can stop aggression once it has started, 
but, insofar as those who might be contemplat- 
ing aggression understand the full import of 
what I am trying to say, it provides a real hope 
for peace. 

I trust that no one will find in anything I 
have said any assumption that a new war is 
inevitable. What I mean to imply is quite the 
opposite. No calamity is inevitable unless we 
steer our course toward il, or, seeing calamity, 
resign ourselves to destruction. We must there- 
fore set our goals for peace, but at the same 
time level our sights on those who would break 
the peace. 

*Remarks by Gordon Dean, chairman of U. 8B. 
Atomic Energy Commission at University of Southern 
California, Oct. 5, 1951. 


Presentation of verbatim extracts from important contemporary documents concerning atomic energy does 
not imply that the Editor agrees with the opinions quoted, nor that they are expressions of A.S.M. policy. 
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Influence of 


Microstructure on 


Creep Resistance 


\ paper prepared for A.S.M.’s 
World Metallurgical Congress, 
Detroit, Oct. 15 to 19, 1951. 


stuptes on the relationship 
between creep resistance and micro- 
structure were reported by the pres- 
ent authors in Revue de Métallurgie 
for March 1950.) Our material was a 
chromium-molybdenum steel of the 
analysis used for steam power plant; 
it was made in a basic electric furnace and 
killed in the ladle with °“, Ib. per ton of tita- 
nium, 3°, lb. per ton of silicon and *, Ib. per 
ton of aluminum. Its analysis was 0.12% C, 
0.020 P, 0.01 S, 0.160 Si, 0.7% Mn, 0.6% 
Cr, 0.656 Mo, Al and <0.010% Ti. 
This steel, after the usual hot work, was heat 
treated in nine different ways to as many differ- 
ent microstructures; details of treatment are 
given in the respective captions, Fig. 1 to %. 
All specimens were etched with HNO, and mag- 
nified 1000 diameters. 


Fig. Structure A: 


Air Cooled Fig. 2 Structure 


By Georges Delbart 
and Michael Ravery 


Iron & Steel Research 
Institute (1.R.S.1.D.) 
St.-Germain-en-Laye, France 


Micno- 
STRUCTURE 
B 
M 


p 
H 


It will be noted that two austeniz- 


ing temperatures were used: 900°C. 
(1650° F.) for A, B, C, D and E, and 
1200° C. (2190° F.) for H, K, M and P. 
All were tempered 25°C. above the 
maximum used in our creep_ tests 
(975° C.) except A, which was tem- 
pered at 675° C. (1250° F.) as in indus- 
trial practice for superheater tubes. 

Creep tests were made on test 
pieces so heat treated. A rapid gen- 
eral survey was made with = short 
tests at 25° intervals between 450 and 
979° (840 and 1065° F.), wherein 
the criterion was the creep rate 
observed between the 25th and the 
35th hour. The wide variety 
of creep rates at the same 
temperature and load for the 
different) microstructures is 
shown in the following tabu- 
lation, arranged in descend- 
ing creep rates at 24 kg. per 
sq.mm. (34,000 psi.) and 
$50° C. (840° F.): 


450° C. (840° F.) 575°C. (1065° F.) 


34,000 Pst. anp 10,000 Pst. 
74* 15* 
72.5 1.2 
20 3.7 
2.4 13 
1.5 20 
1.1 27 
1.0 17 
4.35 
3.5 


*Throughout this paper creep rates are 


expressed in units of 10-4 


B: Austenized Fig. 3 


+ per hr. 


Structure C: Austenized 


From 900°C, (1650° F.) and Tem- at 900°C... Austempered 2 Hr. at 900° C., Austempered 30 Min. at 


pered 2 Hr. at 675° C. 


to conform to industrial practice pered 2 Hr. at 


for superheater tubes. 


(1250° F.) 700°C. (1290° F.), Air Cooled, Tem- 300° C. (570° F.), Air Cooled, Tem- 
pered 2 Hr. at 600° C., Air Cooled. 
Ferrite Air Cooled. Ferrite grains size 7 Lower bainite grain size 7 to 8 


grains size 8; upper bainite grain to 8; pearlite slightly spheroidized; (austenite grain size 7 to 8); only 
size 8; some sorbite is present” strings of particles at boundaries «small amount of ferrite is present 
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Fig. 4— Structure D: Austenized 
at 900°C. (1650° F.), Austempered 
30 Min. at 550° C. (1020° F.), Water 
Quenched, Tempered 2 Hr. at 600° 
(1110° F.), Air Cooled.  Pro- 
eutectoid ferrite grains size 8 (sor- 
bite grain size 8) 


Obviously, the order of excellence is quite differ- 
ent in the two columns. 

We determined the load at each of the six 
temperatures of test which would cause a creep 
rate of 5 x 104 per hr. between the 25th and 
the 35th hour. The data, plotted in Fig. 10, 
indicate clearly that some structures, which are 
fairly creep resistant at low temperatures, lose 
their superiority at higher temperature. Further- 
more the M structure (Fig. 8) of ferrite and 
upper bainite is nearly as good at 575 as at 
450° C. One may presume that this is due to the 
fact that the predominant component, ferrite, 
was formed at a high temperature during slow 
cooling and consequently has a high thermal 
stability. Likewise the B structure, formed during 
austempering at 700° C., is fairly stable. 

If now we plot, to logarithmic coordinates, 


Fig. 7 — Structure K: Austenized 
at 1200° C, (2190° F.), Austempered 
2 Hr. at 700°C. (1290°F.), Air 
Cooled, Tempered 2 Hr. at 600° C. 
(1110° F.), Air Cooled. Upper bain- 
ite grain size 5 to 6, ferrite grain 
size § to7 


Fig. 8 — Structure 
at 1200° C., 


ig. — Structure 
at 900° C., Water Quenched, Tem- 
pered 2 Hr. at 600° C., Air Cooled. 
Sorbite (grain size 7 to 8) with a 
little acicular ferrite 


Furnace Cooled, Tem- at 
pered 2 Hr. at 600° C., Air Cooled. 
Upper bainite grain size 
ferrite grain size 5 to 6, bands of 
carbide at ferrite boundaries 


E: Austenized Fig. 6— Structure H: <Austenized 
at 1200°C. (2190° F.), Air Cooled, 
Tempered 2 Hr. at 600°C., Air 
Cooled. Bainite and sorbite in 
about equal parts within a ferrite 


matrix; austenite grain size 3 to 4 


creep rates 


given 


the against the stress for tests 
at temperatures (Fig. 11) we find the 
structures group themselves into two domains. 
Domain R, consisting of granular ferritic struc- 
tures B, K and M, have linear relationship at 
both 450 and 575°C. In domain T, comprising 
the rest of the structures (sorbitic and bainitic), 
the creep rate increases at a lower rate with 
increasing stress in the low-stress region than 
in the high-stress region. 

Figure 11 (right) shows that the T group is 
more creep resistant at 450°C. but at 575°C. 
(left) the change of direction of the plots shows 
that structures R in the R group might be pref- 
erable in ranges of low to medium stress. 

A deduction from all these short-time tests 
is that the creep rate at lower temperatures (450 


to 525°C.) decreases as the structure changes 


Austenized 


M: Fig. 9— Structure P:  Austenized 
120° C., Austempered 1 Hr. at 
300° C. (570° F.), Air Cooled, Tem- 
pered 2 Hr. at 600°C, Air Cooled. 
Lower bainite grain size 3 to 4 
with a little ferrite 


1 to 5, 
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Temperature, °F 


from granular ferritic to 50 200 
sorbitic to bainitic. At 
the higher temperatures, 
550 and 575° C., and at 
rather heavy stress, the 
sorbitie structures flow 


1000 1100 
T th ing to decreasing creep 
rate at the 1000th hr. 

On the whole, the 
tests at 450°C. fall into 
the same order in the 
4 50 various periods — that is 


more rapidly the to say, the microstruc- 
hainitic or ferritic-bain- +4400 tures that have creep 
itie structure. 3 rates on the low side at 
~ the 1000th hr. also are on 

LONG-TIME TESTS 739% the low side at the 30th 

a and the 300th hr. (The 

The obvious criti- +4 20 same is true for the elon- 
cism of the above program gations.) As in the short- 
is that the conclusions are time tests, increasing 

410 

based on short tests of a creep resistance is ob- 
single heat of steel. We \ | served as the structure 
therefore extended them 450 475 500 525 550 575 goes from granular ferrite 
by testing the same and Temperature, °C plus upper bainite or 


other heats to 1000° hr. 
As a matter of fact, even 
a satisfactory long creep 
test is not wholly a proof 
that the creep rate will 
not accelerate later. 


Fig. 10 


Likewise, a long test can 
hardly be satisfactory for control; control 
requires quick appraisals. Hence we were 
hopeful of establishing a qualitative relation 
between the long and the short creep tests. 

In this longer series we only tested the steels 
at 450 and 575°C. (840 and 1070°F.). Results 
are given in Tables I and Il, showing creep rates 
at the 30th, 300th, and the 1000th hr. (Va, Veo. 
aNd Vyoo), the total elongation at 1000 hr. 
(Ejog9) in the last column is the ratio between 
maximum and minimum values for that line. 
The various microstructures are arranged accord- 


Load Kequired to Produce Creep 
at a Rate of 5 « 10-4% per Hr. (Between 
25th and 35th Hr.) at Various Temper- 
atures for the Various Microstructures 


Table I — Creep Tests at 450° C. (840° F.) 


pearlite to sorbite, and it 
is best for the lower bain- 
ite structures. The range 
of excellence, maximum 
to minimum (last col- 
umn), is hard to interpret; however, the scatter 
is least with the longest testing time, which 
indicates that the influence of microstructure is 
persistent, at least up to 1000 hr. at 450° C. 

Stresses in kg. per sq.mm. corresponding to 
creep rates of 0.1 x 104% per hr. at the 1000th 
hr. were then estimated, as well as the creep rate 
at the 30th hr. for the respective stresses, and 
are listed at the top of the opposite page. 

This tabulation, showing the stress variation 
at a constant creep rate, arranges the structures 
approximately in the order shown in Table I. 
Likewise creep rates at the 30th hr. shown in 


STRESS PROPERTY M kK A 


| 


M E 

V0 39.4 23.2 1.5 

20 kg. per sq.min. Va00 5.32 3.7 0.21 
(28,400 psi.) V 000 1.95 1.4 O15 


1.64 1.32) O15 


Veo 45 20 938 
24 kg. persg.mm.) 7 2.7 i4 
(34,000 psi.) a 3 0.8 | 0.6 


0.37 


Vs0 0.1(2)) 0.5 
15 kg. per sq.mm. Vs00 1.34 0.04 | 0.12 
(21,300 psi.) , ee 0.46 0.11* | 0.10 
Exooo 0.13 | 0.124] 


E P H 
4 10 | 3.5 1.6 | 0.5 
1.4 | 1.25 | 0.9 | 03 | 0.17] 0.17 41 
0.4 | 0.22 | 0.5 | 0.14 0.12 | 008 37 
0.65 | 0 | 0.19 | 0.15 | 0.18 13 


H E D Max. © Min. 


0.8 0.57 0.5 10 
0.21 0.19 0.075 20 
0.10 0.08 0.05 9 

0.14 0.125 3 


A Cc H P 

3.9 1.5 0.5 <0) 80 
0.44 0.09 0.02 <0 250 
0.05 0.07 0.01 195 
0.33 0.12 1 8 
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*Note increasing rate with time. 
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Creep of 0.1 


10 per Hr. 


the third column (except the 
pearlitic-ferritic structure B) are STRUCTURE 
between 0.5 and 1.5, an average ol M 
104% per hr., which corre- 
sponds approximately to 0.1 » B 
at the 1000th hr. 
PESTS AY 575" 
IP 
Creep tests under three dif- iH 
ferent loads are tabulated in 
Table Hl, and the arrangement 


from highest to lowest is generally the same at 
the 1000th as at the 30th hr. 
the annealed structures (granular ferrites) are 


Under low stress 


the more resistant, but with heavier loadings 
they lose their superiority, thus reaffirming the 
double influence of temperature and stress on 
any appraisal of a particular microstructure. 
Likewise, these annealed structures 
the KR group, namely B, K and M 


1000 hr. than at 


typically 
have higher 
creep rates at 300 hr. a 
danger signal. 

It is interesting to compare the above results 
with the preliminary tests plotted in Fig. 11. It 
will be noted (Table Il) that structure D is one 
of the most creep resistant at low stress, but the 
In Fig. 11, steel D is plotted 
as a broken line, showing that a given increment 


least at high stress. 
of stress causes a smaller increase in creep at 


low stress (leg D,) than at a high stress (leg D.). 
Considering the propensity of group BR steels to 


Fig. 11 


Log-Log Plot of Creep (104% per Hr. 
Between 25th and 35th Hr.) Versus Load (Kg. 
per Sq.Mm. of the Various Structures at Two 
Femperatures, 575 and 450° C. (1070 and 840° 


accelerate in creep at long time, 
Stress Vs, we are tempted to assign real 
Ww 14 superiority to steels of group T 
14 0.5 whose log-log plot is a broken 
13.1 4.3 line, provided they are used 
1s _ | 08 under conditions represented by 
the lower leg of the plot. 
20.5 09 Stresses for constant creep 
23 0.5 rates at 1000 hr. and the rate 
24 between 25 and 35 hr. for re- 
spective stresses, were also de- 
termined, and the listing for 


975° C. and long-time tests conforms fairly well 
with the order presented in Table I. Also the 
short-time creep rates Vyo in the third column 
of the tabulation on the next page are arranged 


in about the same sequence, large to small as 


For 575°C 


For 450°C 


100 


12) 


Creep (lO°4 % per Hr.) 


“4 


! 2 5 10 1520 10 
Stress, Kg per Sq Mm 


Table Il — Creep Tests at 575° C. (1070° F.) 


B E M 


“1000 


STRESS Property| E Cc H A 
V0 | 1.3 1.2 0.6 0.2 
1 kg. per sq.mm. Voss 0.64 0.33 0.25 6.29 
(1425 psi.) 0.43 0.27 O15 6.09 
0.078 0.049 0.032 0.035 


Vas 0.5 
3.5 kg. per sq.mm. 2.5 3.45 2.42 0.58 
(5000 psi.) Visco 2.6% | 2.45 1.6 0.69% 
E 0.31 : 0.12 


18.5 27 5 9 5.5 2 2.7 |2 13.5 
7 kg. per sq.mm. Taos 15 12 10.6 5.4 9.1 2.5 0.65 1.35 O45 33 
(10,000 psi.) V 14.9 13* 12* 9.7% | 7 1.4 1.4* 1.10 O.82* 18 
Ecce 1.54 1.36 1.58 O84 0.23 0.16 0.21 0.17 10 


P D kK M Max. MIN 
0.8 0.2 <0 0.6 6 
0.21 O11 <0 0.03 21 
0.09 0.06 O04" 8.6 
0.030 O.0O18 0.025 1 

P A H 


1.1 0.77 0.7 5 
0.4 0.20 


0.13 


*Note increasing rate with time. 
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in the last column, and inversely to the stress 
causing 0.1 x 104% creep per hr. at hr. 
(second column), but they give no indication of 
the tendency to accelerate at 1000 hr, 


Micno- CREEP OF CREEP OF 

sTruec- 0.1% 104° pen Hn. 1.0% peR Hr. 

TURE STRESS STRESS Veo 
E 0.38 3.5 1.18 9.3 
c 0.56 0.78 2.45 5 
B 0.6 2.2 1.7 
H 0.7 0.5 12 5.5 
A 12 5 1.5 4.9 
D 1.2 0.32 2.75 2.5 
P 1.2 0.96 5.8 4.3 
kK 1.6 0.3 8 4.5 
M 1.8 0.5 4.5 <1 


Control Test = In view of the above, we 
would suggest, therefore, that a control test be 
made by plotting log stress versus log creep rate. 
Short-time tests (30 hr.) may suflice. A detailed 
analysis of our complete data indicates that an 
important consideration is stress for the point 
of angularity (1, Fig. 11) if the data should 
give rise to a “dog-leg” line. Furthermore a 
“specific load” should be determined: It is that 
stress which causes creep at 1.0 x 10*% per hr. 
in the short test. (Such “specific loads” will 
arrange the specimens in about the same order 
as creep rates of 0.1 x 104% per hr. at the 
1000th hr.) The difference between the stress 
corresponding to point I and the “specific load” 
gives the safety margin of the steel for creep 
resistance at the test temperature. 

If, as we believe, the discrimination so deter- 
mined should have a valid relationship to service 
life, the short-time creep test would acquire 
interest and importance. 

Further information of value would be had 
by determining the stress for point I and the 
“specific load” for various temperatures within 
the range of intended uses; when plotted on the 
same diagram, stress versus temperature, the 
course of the lines would forecast how the steel 
(and its heat treated structure) would behave in 
the event it were accidentally overheated. 

Influence of Prior Heating —A_ pre >ccupa- 
tion of all students of high-temperature alloys 
has been the stability of the microstructure 


Table Ill — Creep Tests at 450° C, (840° F.) and 24 Kg. per Sq.Mm. 
(34,000 Psi.) on Steels Tempered 1000 Hr. at 450° C. 


with good reason, for none can be considered to 
be in true equilibrium. In_ steels, structural 
instability may involve (a) change in the 
agglomeration of the phases or (b) a deteriora- 
tion or change in nature of the phases. 

The importance of the first consideration 
may be illustrated by the formula for speed of 
spheroidization of cementite given by Bailey and 
Roberts. From this it may be computed that a 
degree of spheroidization reached in 100 hr. at 
700° C. would require 26 months at 575°C., 74 
years at 500° C., and 14 centuries at 450° C. 

As to the second consideration, we must 
remember that the carbides in a Cr-Mo alloy 
steel are more complex than the simple Fe,C€ of 
cementite; in fact, we know that the higher the 
transformation or tempering temperature, the 
richer are the carbides in alloying elements. For 
this reason a dispersion of carbides rather than 
a spheroidization (growth) may occur at a given 
temperature. The prior carbide may dissolve and 
reprecipitate in a fine diffusion as one of more 
complex composition. Such an action may 
improve the creep resistance notably. 

To determine some of these points we 
reheated test pieces of structures, shown in Fig. 
1 to 9, 1000 hr. at 450°C. (840° F.), and tested 
them in creep at the same temperature and 
under a stress of 24 kg. per sq.mm. (34,000 psi.). 

As shown in Table Hl (which should be 
compared with the bottom section of Table 1), 
the order of excellence is almost unchanged. 
Structures of the R group (B, K and M) generally 
show higher creep rates, whereas the others (T 
group) are improved in creep resistance by the 
long tempering at testing temperature. Notably 
is this true of structure P whose creep rate at 
1000 hr. is practically zero. 

We advance as a hypothesis that this is due 
to the nature of the carbides in the T group 
structures. Originally formed at low tempera- 
tures, they are poor in alloying elements. Pre- 
liminary tempering for 2 hr. at 600°C. is 
apparently not long enough to cause as much 
change in their nature as the 1000 hr. at 450° C., 
nor to institute that fine dispersion which is 
normally associated with higher strength. 


PROPERTY Miso | Mase Dys0 Ky Ease Hse 
Vio 60 57 11.8 2.8 6.7 0.5 0.3 0.2 0.1 
V 00 8.5 7.6 2.3 6.95 0.39 0.1 0.1 0.09 0.05 
V 4.45 1.7 1.25 0.62 0.27 0.03 | 6.02 ~0 
2.72 2.50 | 0.24 0.82 0.174 0.167 | 0.134 
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Fig. 12 - 
Granular Ferrite Plus Pearlite 


Structure B (Fig. 2) of 


After 100 Hr. at 700° C. Changes 
to Larger Grains Containing Fine 
Scattered Carbides With a Few 
Darker Areas (Possibly Concen- 
trations of Fine’ Precipitates) 


stability. 


ily result spheroidization 
even at a very sluggish rate 
and a loss in creep strength. 

Soaking at 575°C. 


Table I. 


Carbides of the RK group (B, 
K and M) are, on the contrary, 
richer in the alloying elements 
and have a much higher thermal 
This is shown in Fig. 
10. Changes during long stay at 
450° C. should therefore primar- 


Creep 
tests after these same structures 
had been reheated 1000 hr. at 
575° C. (1070° F.) are shown in 
Table IV, and should be com- 
pared with the middle section of 
Creep resistance has 
been improved for all except H, 
and this general fact may be 


Fig. 13 — Structure E (Fig. 5) of 


Sorbite After 100 Hr. at 700°C. 
Changes. Ferrite grains with 
vein markings containing uni- 
formly scattered fine carbides; 
there are some concentrations of 
particles near grain boundaries 


long tempering at 575° C. 
Soaking at 700°C. 


logi- 
cal extension of the above experi- 
ments is to temper representative 
specimens near the Ac, point; 


100 hr. at 700°C, (1290° F.) was 
chosen. This changed the micro- 
structure fundamentally, as can 
be seen by comparing Fig. 12, 
13, 14 and 15 with Fig. 2, 5, 8 
and 9 respectively. Description 
of the new structure is given in 
each caption. Bear in mind that 
the former magnification is 1000 
diameters; in Fig. 12 to 15 it is 
500. It will be noted that car- 
bides are now fairly uniformly 
distributed through structures B 


Fig. 14 
Ferrite and Upper Bainite Grains 


After 100 Hr. at 700°C. The 


Structure M (Fig. 8) of 


fer 
rite grains now contain fine seat- 
tered carbides and some carbide 


Fig. 15 Structure P (Fig. 9) of 
Lower Bainite After 100 Hr. at 
700° C. Larger ferrite grains con- 
tain a few seattered particles 
and coarse carbide stringers at 


plates. The former bainite grains the boundaries. The minor areas 


ascribed to the fine reprecipita- 


tion in all the steels at 575" ¢ 


of simpler 
temperatures. 
This is probably also true 


B structure, which is notably improved, but the 
hypothesis should be checked by isolating and 
analyzing the carbides, both before and after 


of the pearlitic 


Table IV — Creep Tests at 575° € 


». of complex car- and Eo and ferrite grains are large. 
bides stable at that temperature after solution 
carbides formed originally at lower 


contain many seattered carbides are rich in fine carbide particles 


Structures 


M and P now have carbide-rich zones, originat- 
ing from the bainite grains. 


Creep tests were made on samples with these 


structures. 


Most of them were short (35 hr.); 
temperatures were, as before, 450 and 575° C.; 
results were plotted as log stress against log 
creep rate at the 25th to 35th hr. 


*. (1070° F.) and 3.5 Kg. per Sq.Mm. 
(5000 Psi.) on Steels Tempered 1000 Hr. at 575° C. 


E575 


PROPERTY | 


6 4 
2.7 1 

V cco 2.2 0.95 
0.34 0.184 


3 2.5 0.5 
0.95 1.05 0.18 
0.65 0.40* 
0.144 0.059 


he 


2 1.3 0.7 1.1 
0.65 0.575 0.29 0.375 
0.25 0.2 0.2 0.11 
0.094 0.087 0.062 0.066 


Note increasing rate with time. 
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Soaking at 700°C. made practically no 
change in the creep resistance at 450°C. of 
structures B and M of domain R (see Fig. 10 
and 11). At 575°C. the curves are displaced 
sharply to the left, which means that the stress 
for a given creep rate is reduced to half its 
former value for structure B and to 20° of its 
former value for structure M. 

Figure 16* shows that variation in creep 
rates with stress for structures E and P at both 
450 and 575° F. (dashed lines) are represented 
by dog-leg plots. These primary structures after 
soaking at 700° C., when tested at either 450 or 
575° F. (full lines), are represented by single 
straight lines. Either the flat lower slope has 
been eliminated or is displaced to such low creep 
rates as to be lost. (Some work on structure B 
indicates that the latter may be the true expla- 
nation.) Moreover, three of the four new lines 
are much to the lett of the upper legs of the old 
lines, indicating that overheating lowers the 
stress for a given creep rate to about one third 
its former amount at the high stresses. How- 
ever, at lower stresses, the situation is reversed; 
in that situation the stress for a given creep 
rate is increased to a considerable extent. 

If the tests for structure M after 
soaking at 700°C. were plotted on 


aries of such grains may be quite different from 
those around ferrite grains formed at high tem- 
peratures. Furthermore, the carbide particles, 
also originating at low temperature, may not 
have reached thermodynamic equilibrium, even 
after 100 hr. soaking at 700°C. It is mere specu- 
lation about the structure E to say more than 
that it may be due to the nature of the dispersed 
carbides, to the nature of the ferritic matrix, to 
the condition at the true grain boundaries, or to 
some combination of these. 

Finally, we believe that our tests amply 
prove the strong influence of microstructure on 
the service performance of a low-alloy, high- 
temperature steels. Furthermore, tests other 
than those described in this article have con- 
vineed us that the differences in high-tempera- 
ture strength, when one microstructure ts 
compared with another microstructure of the 
sume steel, may be of more importance than 
those strength differences which arise from dit- 
ferent chemical compositions when tested in the 
same structural state. This prime factor has not 
been given due weight in many prior investiga- 
tions, and is doubtless responsible for the con- 
tradictory results that have been published. © 


Fig. 16 the straight lines would fall 700 
very close to the ones for structure P 500 
‘also soaked at 700°C.) for creep 
tests at both 450 and 575°C. These 
two have carbide-rich grains (Fig. 
14 and 15). $100 

It is worthy of remark, also, 
that soaking at 700°C. changes the « 50 
creep resistance of structure E com- 
paratively littl. However, this struc- 
ture is one with high creep rates for 
low stress in nearly all the other 
work recorded here. Generally 
speaking, the test results on = strue- 


% 


om?) 


ture E do not agree with our precon- 
ceptions as to the influence of grain 
size, although the veining, dimly dis- 


Creep Rate at 30 Hr (x/0 
mw and 


cernible within the ferrite grains, 1.0 
may not indicate “fine grain” in the 0.7 
usual sense of the word. Os 

There is the possibility that 0.3 
the origin of the ferrite may have a 02 
dominating influence: E structure is 0.1 
the only one wherein the grains were ia 


formed during the tempering of 
martensite. Conditions at the bound- 

*Note that the horizontal seale in 
Fig. 16 is double the verticat’scale, 
whereas they are equal in Fig. 11. 
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Stress in Kg. /Sq. Mm. 


Comparison of Creep Rate Versus Stress of Structures 
P and E, Tested at 450 and 575° C., Both Before and After Soak- 
ing 100 Hr. at 700°C. Tests on original structures in dashed 
lines; tests on overheated (soaked) structures in full lines 
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How Accurate Is 


Impact Test? 


| HE RELIABILITY of impact tests has long been 
a controversial subject, vet relatively little intor- 
mation has appeared in literature. Prompted by 
the question of the test's accuracy and the grow- 
ing interest in impact testing of forgings, the 
Metallurgical and Research Committee of the 
Forging Manufacturers Assoc. has investigated 
the problem. The purpose of this phase of the 
investigation was to determine what variation of 
results is encountered representative 
laboratories when the tests are conducted under 
usual commercial practice. 


among 


Laboratories coop- 
erating in this investigation included those of 
two Government agencies, one inspection agency 
and eleven producers of forgings. The data 
given in this article may be considered as a pre- 
liminary report of the findings of the Committee. 
It was considered essential to minimize non- 
uniformity in the test bars. To obtain sufficient 
material from a forging to conduct the program 
would) probably result) in’ interbar 
variations owing to the greater hetero- 
geneity of large masses of steel. Con- 
sequently, bars were machined from 
's-in. hot rolled 4340 steel, uniformly 
quenched and tempered. Two temper- 
ing treatments were used, one at 
700° PF. which produced a hardness of 
Rockwell C-46 to 47, the other at 1100° F. which 
developed a hardness of Rockwell C-33 to 34. 
Sufficient heat treated bar stock was shipped 
to each cooperating laboratory to prepare = six 
specimens of each type. Any variations due to 
method of preparation of the test specimens are 
considered to be representative of what may be 
anticipated among responsible laboratories. 
The survey included Izod nd Charpy-type 
machines. The Charpy test was explored by 
using V-notch and keyhole-type test bars. The 
usual square V-notch bars were used in the 
Izod test. The test bars were broken at room 
temperature. 
Companies cooperating in this investigation 
are designated in the tables and figures by a 
single letter. When a company had more than 
one plant in the program, a second designating 
letter is used, and when a plant laboratory had 


By the Metallurgical 
and Research Committee 
of the Forging 
Manufacturers Asscc. 


more than one impact testing 
machine, this is indicated 
numerically. 


WIDE VARIATIONS IN RESULTS 


Results obtained are plotted 

in Fig. | and 2, the results 
being arranged in the order of 

decreasing average values. The 

length of the block indicates the spread between 
the maximum and minimum obtained by each 
laboratory on the different machines, the hori- 
zontal line within each block indicating the 
average for that machine. The major horizontal 
line of the graphs represents the grand average. 
The average value of each machine is plotted 

in Fig. 3. These values are grouped according 
to the type of test, with both the 700° F. temper 
and the 1100°F. temper values indicated. The 
sequence of values was arbitrarily based on the 
700° F. temper V-notch Charpy averages arranged 
in the order of decreasing values. Similar dia- 
grams could be based upon each of the other 
sets of data but it is felt that these arrangements 
would contribute little, inasmuch as Fig. 3 fully 
illustrates the absence of relationship. It is 
apparent that high or low values in one type of 
test give no assurance that a machine will pro- 
duce similarly high or low values in another type 
of test, or with the same test 
at a different hardness level. 
In Fig. 1 and 2, the number 
that appears above each of the 
bars represents the percentage 
of variation in the results for 
the individual machine. Here 
again there is a lack of any 

consisteney. Although not included in the scope 
of the investigation, the reported figures give an 
opportunity to make some further observations. 
The average ranges for the three types of 
tests and their percentage of the average values 
are reported in Table 1. On the basis of foot 
pound value, the range of the harder material 


Table I — Average Impact Values 


MPACT RANGE 
Impact RANGE 


TemMprn 
Gnour 


Test 
Group 
V-Notch 
Charpy 
Kevhole 
Charpy 
V-Notch 
Izod 


13.33 2 
67.74 4. 
14.10 
35.68 
12.97 


61.84 
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% 
19.1 
6.3 
16.8 
8.5 
21.1 


was within a few foot-pounds of the softer 


material. Percentage of variation in the 
harder material was considerably greater 
than in the softer material. This would 


indicate that reproducibility of impact values 
on any particular machine decreases as the 
impact resistance decreases. 

Results of the different tests at the two 
hardness levels are also shown in Table 1. 
At the higher hardness level (Rockwell C-46 
to 47), the average results of both types of 
bars on the Charpy machine and the usual 
square V-notch bars on the Izod machine 
are about the same, with the average keyhole 
Charpy being highest. At the lower hardness 
level (Rockwell C-33 to 34), the average key- 
hole Charpy is lowest, being only slightly 
more than half of the average V-notch 
Charpy and Izod at the same hardness level. 


PORTENT OF RESULTS 


Comparing the average results of these 
three types of tests at the two hardness 
levels, and referring to Table I, the V-notch 
tests (Charpy and Izod) were found to be 
about twice as sensitive to differences in 
these hardness levels as was the keyhole- 
type test bar used on the Charpy. 

Table II shows that the influence of the 
type of test specimen is not the same on a 
relatively soft or ductile steel as it is on the 
same steel in a harder or more brittle con- 
dition. In the more ductile material, the 
energy absorbed per unit of area was about 
the same, regardless of the type of notch. In 
the harder material, considerably less energy 
per unit area was required to break the 
sharp V-notch specimens than the rounded 
notch specimens. 

Impact requirements are specified as the 
total energy required to break the specimen. 

Table Il also shows the importance of the 
area resisting the blow in each type specimen 
and that it must be considered in conjunction 
with the type of notch used when evaluating 
impact sensitivity. 


Table I! — Impact Energy Absorbed 


Highest Value 18.5 
= Average of Highest Values: !7 33 
\™ Average of Lowest Values: 1/.30 
Hon © ° 
= o> i's) 
a inn tet 
HLL eon tel in 
1 
10. Grand Average !3.33 


25 Highest Value 23.0 


V-Notch Charpy 


| 700° FT, Lowest Value 8.9 
. Temper 


FBJGGKLNDHGACFGGMGM. 
L 2 2J 1S wx 
x 


Average of Highest Values 21/7 ] 
Average of Lowest Values: 10.58 


201 
Nm TO Average /4./0 
~ © @ 
On 
| 
Keyhole Charpy 
700° F. Temper 
| Lowest Value 9! 


© Average of Highest Values: /9./6 


° a & Average of Lowest Values 9.50 
— 
| = ° 
; Grand 
© 
N 
10} 
| 7 
| Izod Lowest Value 9,0 
700° F. Temper | 


“EFDBGGAGHLKGH 
38 21 


Results of V-Notch and Keyhole 
Tests of Material Tem- 
pered at 700° F. (Average Hardness Rock- 
well C-46 to 47). Extreme points of bar 
represent the maximum and 


Fig. 1 
Charpy and Izod 


Se.Mn. 


RESISTING 700° F. Temper 
Test Rock WELL C-46 To 47 
Group 
V-Notch Charpy Su 13.33 1.67 
Keyhole Charpy 14.10 2.82 
V-Noteh Izod su 12.93 1.62 


minimum values for each 

test, the average designated 

1100° F. TEMPER by a horizontal line within 

Rock WELL C-33 To 34 the bar. Figure above each 

bar is the percentage varia- 

| tion on individual machines 
67.74 8.46 
35.08 7.14 
| O1.84 7.73 
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Highest Value 21.0 
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Fig. 2—- Results of Impact Tests of Material 

Tempered at 1100°F. (Average Hardness 

Rockwell C-33 to 34). Data for these tests are 

recorded in similar manner to those for Fig. 1 
85 

r~Highest Value 83.0 


Average of Highest Values 79 67 
Average of Lowest Values 62 33 


TA 


V- Notch Charpy 
F. Temper 


Lowest Value 6!7 


GEBFGOKY 
L 2 


| Highest Value 46.0 | 
Average of Highest Values 43.9) | 

Average of Lowest Values 30./5 | 
| 


| 
(8. Grand Average 3568 | 


Keyhole Charpy 
F. Temper 


Lowest Value 288 


Izod 


100° F. Temper 


Average of Highest: 67.77 
Averoge of Lowest: 5778 
Grand Average 61.85 


Lowest Value 56 O 


FAGGGOBGHKEHL 
eves Jil 2 


The data so far collected in this investigation 
permit the following deductions: 

1. There is serious variation in the results from 
most individual machines. In other quantitative 
acceptance testing this would hardly be tolerated. 

2. Even greater inconsistencies were found 
among the average results for each of the machines. 

3. The machines do not give consistently high 
or consistently low results on all types of tests nor 
on one type of test at different hardness levels. 

4. The reproducibility of impact test results 
decreases as the impact resistance decreases when 
using the standard-type machines and conducting 
the tests in the present normal manner. This sug- 
gests that consideration might be given to.the use 
of machines of different capacities. Possibly, the 
use of a low capacity machine might show similar 
or comparable percentage variation when testing low 
impact material as standard machines have shown 
when testing the higher impact materials. However, 
this possibility would have to be similarly investi- 
gated before greater dependence could be placed on 
lower capacity machines. 

5. The behavior of the steel treated to different 
hardness levels was not the same in the 
types of tests. The keyhole tests 


various 
(Cont. on p. 176) 


Fig. 3-—— Plot of Average Value of Each Test Per- 
formed by Individual Machine Does Not Show Any 
Relationship Between the Temperature Groups for 
the Same Type of Test Nor for Other Types of Test 


v-Notch Charpy 


_ 75+ 
Bo 
70+ --—+—+—+ 
2 6 
= 


Keyhole Charpy 


Average Impact, Ff-Lo 


“6s 
RK 10} 
St 
@700°F Tempered Material 
©1/00°F Tempered Moterial 
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Hardness of 
Hot Materials 


A RAPID, REPRODUCIBLE MErHOb for testing hot 
hardness of materials at temperatures approach- 
ing their melting points has recently been devel- 
oped for the Air Matériel Command 
Armour Research Foundation of Illinois Insti- 
tute of Technology. The inexpensive equipment, 


induction heated, is drawn in cross 
section on the opposite page. The 
specimen is heated by contact with 
the molybdenum anvil, which in 
turn is heated by a 'x-in. coil of 
water-cooled, copper tubing carry- 
ing high-frequeney currents. Cop- 
per radiation shields minimize heat 


losses, while water flowing through copper tub- 
ing encircling the body of the tester keeps the 


shell cool. 


A natural octahedral diamond erystal was 
chosen as the indenter because of its low cost 


General Arrangement of Equipment. 


Tester for 


and relative ease of mounting tot 
use at elevated temperatures. The 


diamond was pressed into a small 
molybdenum block and swaged in 


place. 


The block was then ma- 


chined to size, using the diamond 
lip 
point, 


orientation as the locating 


The holder was then 


secured to a !4-in. sapphire rod by 
a piece of molybdenum wire piass- 


ing through the holder and two 


notches on the sapphire rod. This 


is 


the 


By R. F. Domagala 
and W. R. Johnson 


Armour Research Foundation 
Chicago 


mercury trap. 


soldered end plates. 


illustrated in detail alongside 
the general cross section. 

The loading mechanism consists of a l-in. 

stainless steel bellows, 145 in. long, with silver 


A steel tube enters the top 


plate. silver soldered, through which pressure is 
transmitted. During operation of a series of 
tests, the top plate is clamped to the cover by 


two nuts on each of three 
support rods. The bottom 
plate of the bellows rests on 
the sapphire rod carrying 
the indenter, which in turn 
rests upon the specimen: 
thus, upward movement of 
the bellows is prevented and 


the applied load is transmitted. 
Loading is simply done. A length of Tygon 
tubing leads from 


the stainless bellows to a 


This trap is nothing but a stout 
jar closed with a rubber stopper, wired down, 


Furnace in center foreground, heating 


controls at rear, atmosphere equipment at right, pressure device at left 


ter 

- 


and half filled with mercury, thermocouple situated well 


half with water. Two glass _ up into the head of the 
tubes pass through the rub- anvil gives a close approxi- 
. ber stopper, one short one mation of specimen’s tem- 


reaching into the water, the 
other long enough to reach 
well into the mereury under- 
neath. The shorter tube is 
joined to the Tygon tubing 
above mentioned, leading to 
the stainless bellows. This 


perature. Since the sapphire 


> rod is situated off-center 
with respect to the anvil, 


and the anvil can re- 


volved by thumb nut) and 


bevel gear, several indenta- 


tions at one temperature or 


length of tubing is also com- } al a series of temperatures 
pletely filled with water. a" can be made quickly and eas- 


The longer glass tube is 
connected with flexible tubing 


ily in unbroken succession 


Specimens up to about Pin. 
A Hardr Indenta- in diameter and ®, in. thiek 
tion in Silicon at 1525 
‘extreme left in’ half-tone) F. (830°C.) at 75 > may be tested. Tempera- 
which can be raised and 


to a small mereury reservoir 


lowered. In this way pressure can be inereased or Hardness of Hot Substances 


decreased at will, the mercury pressure being trans- TEMPERATURE MoLYRDENUM SILICON VSi 

mitted through the water to the stainless steel 1060° F. 11.8 25.0 () 

bellows. The presence of water in the loading mech- 1500 35.9 

anism prevents contact of mercury and metal at all 1535 10.6 21.3 

points. In this manner loads on the indenter of any oe 8.5 12.2 129 

desired size up to 15 or 20 th. ean be obtained. 2045 8.3 99 ie 
The hot chamber is designed for use under a 2934) 8.2 

slight positive pressure of inert gas. A replaceable 2400 21 


(3 Brass 
Ceramic 


Sapphire tures up to 2100" F. have 
ww been reached with little difficulty, 


Stainless) Wire while higher temperatures could 
probably be attained if desired 
> Woter ‘\ Mo Block Some of the tests that were made 


Filled | on silicon and molybdenum, and 


/ Diamond» on vanadium silicide at tempera- 
tures between 1000 and 2400° F. are 


Supporting 
Rods at 120°= 


— listed in the table. 
Hardness values are reported 
in K/mm.? where K is a constant 
sO Ring depending upon the geometry of 
ye |Sight Glass the indenter and the load, while 
| Held by mm. is the average width of the 
Rubber Tube indentation measured with a filar 
Specimen Copper Radiation micrometer. An indentation made j 
= Shields in silicon at 1525°F. (830° C.) is 
| | | — | also shown herewith, magnified 7) 
inlet | | | diameters. Since the indenter is a 
| | | | § | | | Coils natural diamond crystal of unique 
O | | | hardness scales cannot be made 
cS | | = £ | ae but it does furnish a reliable means 
= of obtaining comparative hardness 


Thumb Nut of hot materials. (+) 


Tygon Insulation 
Thermocouple, | 


4 General Cross-Sectional Drawing of 
Hot Hardness Tester and Detail 
Mechanism for Turning Molybdenum Anvil of Indenter and Its Mounting 
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Contamination 


of Nonferrous 
Foundry Melts 


THE OPERATION of nonferrous foundries, 
particularly when working to specifications and 
on a continuous basis on one composition, acci- 
dental contamination of a charge can be very 
serious. This affeets not only the particular 
charge, but also subsequent charges because 
return scrap is contaminated. 

There are ways of predicting mathematically 
the future course of such contamination. Two 
examples of such determinations will be given. 


ACCIDENTAL CONTAMINATION 


An instance occurred where ingots of car- 
tridge brass (70% Cu, 30° Zn) were east from 
a charge having a high proportion of cases 
returned from battlefields. Un- 
fortunately, there were mixed in 
with the brass cases a few of 
steel which had been zine plated 
and chromated. In their dirty 
and stained condition, the appear- 
ance of the latter was almost 
identical with tarnished brass cases; consequently 
some found their way into the brass charges. 

The iron content of the ingots jumped from 
a normal 0.025 to 0.030% up to 1.57, the specifi- 
cation requirement being 0.05° maximum. The 
ingots were spectrographically analyzed each 
day so that the trouble was picked up fairly 
quickly and the cause of it, the steel cases, soon 
discovered. Thereatter, close visual inspection, 
and testing with a magnet in doubtful cases, 
eliminated the trouble. However, there were left 
on hand about 90 ingots with excessive iron con- 
tent and the question was, what to do with them? 

Two courses were open: 

1. To use them in the foundry for remelting, 
diluted with metal of sufficiently low iron con- 
tent to bring the average within the desired 
specification range 

2. To sell them to a serap dealer (and 
thereby let somebody else have the trouble). 
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Department of Defense Production with metal of normal iron 
Melbourne, Australia 


Method 2 was the least desirable, as 
a considerable monetary loss would be 
involved. The best plan was to use as 
much of this metal as possible, but to 
spend a minimum of money on preparing 
it for remelting; in other words, the most 
economical way of handling the material 
was to remelt without cutting as many of 
the ingots as could be used in foundry 
charges and sell the balance. 

The following methods were used to 
determine a suitable practice for the 
foundry charges: 

The furnace in normal operation .ds 
sufficient metal for five ingots of the size under 
consideration. Since the usual iron content is 
about 0.03% and the specification limit is 0.05%, 
the maximum iron content M of the metal which 
can be added in an ingot-weight unit is given by 

(4 © 0.03) + (1 x M) = (5 & 0.05) 
Hence M = 0.13% 

For safety let us limit M to 0.100 and sell all 

ingots having iron above this limit. 

The next point to consider is how trequently 
can a whole ingot be added without bringing the 
metal out of specification? Assume the furnace 
full of metal of normal iron content. One ingot 
is poured and replaced by an ingot of high iron 
content. When this is melted another ingot is 
poured from the mixture and this is replaced 
with metal of normal iron 
content. Then another ingot 
is poured, and is replaced 


content. This is continued 
until the iron content of the 
metal in the furnace has 
dropped to a value low enough to permit adding 
another ingot of high iron content without 
exceeding the specification limit, or, alternatively, 
without increasing the iron content of the serap 
in circulation to a high figure 

This problem was tackled as follows: 

Let f be the normal or usual iron content, 
and F that of the mixture after adding the first 
ingot high in iron. When another ingot is poured 
and replaced with metal of normal composition, 
the iron content of the metal in the furnace 
will be: 


When this procedure is carried out n times 
the iron content will be 


5a 


i 
§ 
» 
52 
- 


1 


on 


5n 

The last term is a geometrical progression 
of the form a+ar+ar?+....... +ar®-}, 
where a= 1/5, r= 4/5, and the sum of n terms 
is given by 


1 n 4\" 
a- therefore, £ —— = 1 - ( ) 
1 


Hence, the iron content after n ingots have 
been poured and replaced with metal of normal 
composition is 


In this case f = 0.0380, and F is given by 


Hence, the iron content after n ingots is: 


0.03 4 (=) 0.014 


To bring this to 0.03°,, the normal iron content, 
the last term must be zero — that is, n equals 
infinity. In practical application this is not 
feasible, so an approach must be made to this 
ultimate desired value. 

Under the conditions of operation, 17 ingots 
were cast per shift. By putting n= 17 we have 


4 17 
0.03 4 O.014 = 0.303% 


Therefore, if one ingot was added per shift, 
and at the same time each shift, the iron content 
would have dropped to practically normal by 
the time the next was added, and at no time 
would the specification maximum he exceeded. 


KEGULAR USE OF CONTAMINATED MATERIAL 


It is desired to determine what build-up in 
impurities will occur in cast ingots, when the 
foundry charge consists of contaminated material, 
of circulating serap derived from the charges 
and of uncontaminated material. 

The treatment given here is somewhat sim- 
ilar to that of Smith (Transactions, American 
Institute of Mining and Metallurgical Engineers, 
Vol. 152, discussion to paper on p. 127). Let A 
be the fraction of the charge composed of con- 
taminated material. Let X be the content of 
contamination in this material. Let B be the 
fraction of the charge composed of circulating 
scrap derived from previous melts. The charge 
proportions for the first melt will be A and 1 — A, 


40 


00 Contamination of Melt Re 
sulting From Use of Con 
taminated Material After 

3S 80 Four or Five Charges 

%, 

> 


60 80 100 
% Contaminated Material 


and tor the successive melts the proportions will 
be A, B and 1— (A+B). Total contamination 
of the first melt will be AX, of the second 
melt it will be A(14+ B)X, of the third it is 
A(1+B+B*)X; therefore the contamination after 
n melts is A(1+ B44 Be!) times 
that in the contaminated material used in making 
up the charge. This expression approaches, for 
large values of n and fractional values of B, a 
limiting value A/(1—B);: in practice, this limit 
is very nearly reached after 4 or 5 melts. This 
function has been plotted in percentages in the 
accompanying graph. The following example 
illustrates its use. 

Suppose it is desired to produce 70-30 brass 
for hot rolling. It is known that the lead con- 
tent must be limited to 0.015° maximum to 
insure freedom from cracking during hot rolling. 
A supply of contaminated material containing 
0.025% lead is available, and it is known that 
to avoid accumulation of circulating scrap this 
scrap must constitute 35° of the foundry charge. 

The problem becomes: What proportion of 
contaminated material must be used in con- 
junction with 35° of circulating scrap to obtain 
«a proportional confamination of the melt equal 
to 0.015/0.025 x 100 = 60%. (The term “pro- 
portional contamination” means the ratio of 
desired maximum impurity of the melt to actual 
impurity of the contaminated material. 

In the graph a horizontal line drawn from 
the ordinate at 35° circulating material to 
intersect the 60 contamination line at P indi- 
cates that a value of 39% contaminated material 
will give this condition. Hence the charge com- 
position will be: 26° clean material, 35° cir- 
culating serap, 39% contaminated material. © 
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Surface Treatment 


for Cold Extrusion 


A, important discovery of the last few vears 
in the working of metals is that steel is a plastic 
material at room temperature, 

This knowledge was born out of Germany's 
need during the last war for higher and more 
a difficult 
raw 


rapid production of war materials 
task in face of the eritical shortages in 
goods and equipment which resulted from the 


Allied blockade. The Germans turned to cold 


extrusion in an effort to conserve steel and 
reduce the labor involved in hot forming. They 


were successful in extruding carbon steel such 
as our S.A.E. 1010, achieving cold reductions 
of 70 to 75% in cross-sectional area. 

After the war, this method of operation was 
picked up by the American Technical Industrial 
Intelligence Committee and the data made avail- 
able to American industry. As a result, the cold 


extrusion of steel shells was investigated and is 


now being successfully practiced here. The 
advantages claimed for it over hot forging 


include reduction in steel requirements, reduc- 
lion elimination of heat) treatment and 
machining operations, more uniform mechanical 


properties and improved surface of final product. 
The most fruitful contribu- 
to American” practice in 
this field was the work done at 


the Heintz Manufacturing Co., 
Philadelphia, on an Ordnance 
research project.* As stated in 
the letter of transmittal accom- 
panying their report, the results were significant. 

The first consideration in undertaking the 
cold extrusion of steel was that in addition to 
the use of the proper material for dies, it would 
be necessary to treat the surface of the steel to 
lubrication. For that the 
requirement of the research was to develop: 


provide reason, 
“Surtace treatments, including both boundary 
lubrication and semiliquid lubrications; this to 
refer to chemicals as well as applied research.” 

Details were set forth in the original inves- 

*Surface Treatment Research in Conjunction 
With the Cold Shaping of Steel”; Sub-Project ORD 
TB-4-61€C; Contract M-36-034-ORD-7654. 
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By the late Adolph Bregman 


Consulting Engineer 
New York City 
Consulting Editor for Metal Progress 


Fig. 1 Typical Exam- 
ple of Forward Cold 
Extrusion. The starting 
billet is reduced = in 
cross - sectional area 
about 85° with a sin- 
ule press operation. 
of the Penn- 
Salt Mfg. Co. 


Courtesy 
sylvania 


tigation, known as “Cold Shaping of Steel 
Summary Report, July 1947, Contract 
W-36-034-ORD-7603", pertaining to preparatory 
caleulations, planning of procedures, processing 
of together with the general 
concerning cold shaping of steel by extrusion. 
It was found that the cold shaping tech- 
nique demanded the use of a crystalline metal 
phosphate coating with a lubricant having a 
film sufficiently durable to withstand the com- 


steels, remarks 


pression which foreed the steel through the 
extrusion die. The lubricant film was required 
to remain unbroken between the work and the 
tools in order to prevent galling, scoring and 


pickup. This coating was 


produced by treating 
the steel with acid 


phosphate solution by 
dipping or spraying and 
adding a compatible lu- 


bricant to the coating. 


The program of work included, first, the 
determination of the apparent coefficient of 
friction within the pressure range of 2500 to 


200,000 psi. using emulsified sulphonated tallow 
asa lubricant on steel coated with various phos- 
phates; the effect of various lubricants on stand- 
ard zine phosphate coated steel in the low and 
high pressure range; the effect of lubricants on 
uncoated steel in the low and high pressure 
range; the effect of coating and lubricant on 
cold reduction under (drawing): and 
the effect of coating and lubricant on cold reduc- 


tension 


tion under compression (extrusion). 
The research also developed exact informa- 
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Fig. 2 Backward Cold Extrusion Employed 
as the First Step in Forming a Tubular Body. 
Cut at top shows a steel billet after Foscoat 
treatment and cut at right shows the cup 
formed in a single press operation. Alternate 
method would probably be to hot forge or hot 
upset a billet of about twice this starting size 
and then machine to finish size. Illustrations 
courtesy of the Pennsylvania Salt Mfg. Co. 


lion regarding the most economical lubricant. 
The best (without which the heavy 
extrusion of steel is impossible) was found to 


coauling 


be the conventional zine phosphate material. 

This simplification of technique and work- 
ing directions made possible the extrusion of a 
billet in a single operation to a reduction in 
cross-sectional area of 85°, the greatest by far 
ever reported. A condensed abstract of the 
Heintz report follows. 


The lubricants used were of three types: 
1. Dilute emulsion 


a highly diluted soap 
emulsion not exceeding 5° concentration of 
soap, plus animal or vegetable oils or fats. 

2. Commercial -a more concentrated 
soap emulsion containing animal or vegetable 
These 
“as-received” condition. 
such as the dry metal stearates:. 


oils or fats, pigmented or nonpigmented. 
were applied in the * 
3. Dry 


EFFECT OF LUBRICANTS ON ZINC PHOSPHATE 


While zine phosphate coated steel alone, 
that is, without the addition of any other lubri- 
cant, is known to have a lower coefficient of fric- 
tion than uncoated steel without lubricant, 
addition of a suitable lubricant to the phosphate 


coating lowers the coefficient of friction still 
further. Under the simplest or “normal” condi- 
tions of applying a dilute emulsion type of 
lubricant, that is, short immersion at room tem- 
perature, emulsified sulphonated tallow was 
found to be the best of eight emulsified lubri- 
cants tested. Included in the dilute emulsion 
group is lard oil which seemed to have com- 
peting qualities by reason of its availability 
and low cost. 

Under the same conditions of application, 
lard oil (of the type containing free fatty acids 
up to 15% ) was found to give better results than 
a similar oil with lower fatty acid content, such 
as 2.7%. Additives which would be readily 
adsorbed on a metal surface improved the lubri- 
‘ant quality of high fatty acid lard oil to nearly 
that of sulphonated tallow. 

An important factor demonstrated in this 
investigation is that all lubricants tested were 
greatly increased in effectiveness by their appli- 
‘ation at elevated temperature and for a longer 
immersion time. In the lower pressure range 
under these conditions of time and temperature, 
the coefficient of friction was only a fraction of 
that experienced with lubricants applied under 
“normal” conditions. 
differences, although not so great, were never- 
theless noteworthy. The lubricant value of all 


At higher pressures the 
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types tested was so greatly improved by their 
use at higher temperature and for longer 
immersion time that this method of application 
merits serious consideration. 

For the maximum reduction of friction in 
cold working steel, emulsified tallow applied 
to a zine phosphate coated surface at 70°C. 
(158° F.) by immersion for 1 hr. was found best. 
Commercial and solid lubricants did not 
approach these results. 

Using the three types of lubricants on phos- 
phate coated and uncoated surfaces, it was 
found that the phosphate coated surface always 
gave a lower coeflicient of friction. 

It was demonstrated that of the metal phos- 
phate coatings tried, a zine phosphate coating 
gives the lowest coefficient of friction. This is 
of special interest since phosphate coating is the 
cheapest and most practical to apply. 


CONCLUSIONS 


The advantage of a zine phosphate coating 
over the other types of phosphate coatings is 
relatively less in the higher pressure range but 
of a useful magnitude. At lower pressure 
ranges, the reduction of friction by the use of 
phosphate coatings and lubricant is relatively 
a less important factor. 

Testing of the three groups of lubricants in 
a conventional drawing operation has demon- 
strated that the dilute emul- 
sion type and the solid dry 
type were superior to the more 
costly commercial types. While 
little difference was noted in 
the results for the dilute 
emulsion type and the solid 
dry type, the former is the 
cheaper and much easier to 
apply. 

The program pertaining 
to the study of the effect of 
coating and lubricant in cold 
extrusion (reduction per- 
formed under compression) 
revealed that uncoated mate- 
rial could not be used for such 
an operation. Phosphate coat- 
ing of a thickness of at least 
one gram per square foot in 
combination with a dilute 


steel, it is necessary to apply a coating that is 
resistant to temperatures of 750 to 1100° F. and 
is of sufficient thickness to insure complete 
separation of the sliding metal surfaces. Zine 
phosphate coating meets these requirements. 

High, fatty acid lubricants containing polar 
groups, which enhance their adsorbability, are 
very effective in combination with phosphate 
coatings. Such lubricants may be applied in the 
solid or liquid form, the latter either as a diluted 
or concentrated soap emulsion. The liquid 
lubricants, due to their chemical composition, 
react chemically with a phosphate coating to 
form a water-insoluble lubricant film that is 
well interlocked with the coating. It is the 
effectiveness of this combination of the lubri- 
cant film with the phosphate coating that 
determines the degree of friction reduction. 

Since the appearance of the first report, 
cold extrusion at Heintz has been successfully 
applied to steels of higher carbon, and to a 
series of alloy steels containing chromium, 
nickel, manganese and some molybdenum. 
Extrusions can be made in solid or tubular 
shapes, with fine finish, close tolerances and 
high physical properties. Extrusion can replace 
forging and casting in many instances, elimi- 
nating machining for size or finish. Another 
example of its profitable application is in the 
manufacture of large serew machine products 
where scrap is said to be almost negligible due 
to the elimination of machining, 
the stock yielding up to 90% 
product of the original weight. 

A smooth, high finish 
with good stress resistance is 
obtained, making possible ad- 
ditional savings in metal by 
designing parts in thinner sec- 
tions than before. This extru- 
sion principle has been applied 
with great success to ammuni- 
tion components, and is read- 
ily applicable to industrial 
parts. 

Coincidentally, manufac- 
turers of materials for metal 
treatment have developed im- 
proved formulations applica- 
ble to this type of operation. 
A process which, it is said, 
greatly extends lubrication 


Fig. 3 First Operation in the 
MI aces! | Extrusion of This Button of Low limits in the cold working of 
duced the best frictional con- Alloy Steel Is a Combination of steel has been announced by 
ditions and also eliminated Coining and Blanking, Followed the Pennsylvania Salt Mfg. 
by One Extrusion to Form the 
yickup on the work. 4 Deen. 
Gear. Photograph courtesy of Co., ran adelphi 1. The Penn 
For the cold extrusion ot the Parker Rust Proof Co. salt “Foscoat” process con- 
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Fig. 4 Automobile Transmission 


Cold Formed at Molloy Mfg. Co., Detroit. 
of the Parker Rust Proof Co. 


sists of compatible cleaning, pickling and 
application — by immersion, flooding or spray- 
ing -- of a new phosphate coating and a lubri- 
cant (Foslube) to steel, to produce a_ heat 
resistant lubricating surface with exceptional 
adherence under the most severe working con- 
ditions. This material is the result of joint 
research conducted by Pennsalt and Heintz and 
has been successfully demonstrated (Fig. 1, for 
example) in cold extrusion. The next step, 
according to Heintz engineers, awaits avail- 
ability of presses of sufficient size (travel) to 
take advantage of the raised lubrication limits. 

The lubricant is also useful for tube draw- 
ing, wire drawing, deep drawing (ironing), deep 
stamping, cold heading and similar cold work- 


Correspondence 


Drive Shaft 
Treated With Bonderite Coating and Lubricant Is 
Courtesy 


ing operations. In wet drawing fine steel 


wire, for example, the Foscoat process is 
said to have effected a 40 increase in 
the rate of production while die life was 
increased times. 
triangular and 


In dry drawing of 
square 
round wire stock, one application per- 
mitted drawing to finished shape with- 
out the 


shapes from 


anneals and 
recoating required in previous processes 

In deep drawing 
cartridge cases, 506 


intermediate 


ironing) of steel 
reductions in wall 
thickness were possible with a single 
coating treatment without intermediate 
annealing a 100° improvement ove 
conventional practice. Over-all redue- 
tions of 80% were achieved in rod-pulled tube 
drawing with a single application of the Foscoat 
for a 60% improvement 
method. 

Another material available for this purpose 
is Bonderite produced by the Parker Rust Proot 
Co., Detroit. This is recommended for use with 
Bonderlube, the dry Parker lubricant, for form- 
ing steel by cold drawing and extrusion. It is 
applied by all conventional methods and is used 
in the production of a wide variety of products, 
such as cartridge cases, tubing, CO, flasks, auto- 


over the previous 


mobile drive shafts, shock absorber tubes, gears 
and stud bolts. It is also in service for cold 
forming stainless steel and aluminum, and is 
under experimental work on copper alloys. @ 


in steel, nitrogen is often added 


to obtain certain desirable char- 
Such additions are 
made to the ladle or, at times, 


acteristics. 


CaCN:—a Useful Ladle Addition 


STAMFORD, Conn. 

Every now and then a new process, tech- 
nique, development or technological advance- 
ment escapes the knowledge of those who it is 
assumed should be most familiar with it. This 
is brought to mind by reading the published 
version of a panel discussion at the Western 
Metal Congress in the June issue of Metal Prog- 
ress. | refer, specifically, to the statement that 
“nitrogen isn’t something which you throw into 
the ladle in steelmaking; it is something that is 
always present”. 

Actually, the quoted words are far from the 
truth. Although there is always some nitrogen 


to the runner. 

It has been known for ove 
ten vears that the nitrogen content of steel can 
be increased by the addition of calcium eyana- 
mide, CaCN,. more recent years, it) has 
become known to a large segment of the steel 
industry as a practical, inexpensive and eflicient 
source of nitrogen, and has caused the nitrogen- 
bearing steels to be re-examined by many pro- 
ducers. Operating data show that an average 
of 20% of the available nitrogen is recovered, so 
that about 0.45 Ib. of commercial calcium eyana- 
mide per ton of steel is required for an increase 
of 0.001% of nitrogen. Used in this way, 
numerous carloads of cyanamide are consumed 
annually by the steel industry. 

Probably the largest application is for tin- 
plate where it causes increased temper hardness 
with less cold-reduction. In general, high nitro- 
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gen contents are often desirable where increased 
stiffness is required in thin sections. Another 
important application is in the production of 
synthetic bessemer steel. It is anticipated that 
many more applications for high-nitrogen steels 
will be indicated when the role of nitrogen in 
steel is more completely evaluated —— for exam- 
ple, with respect to hardenability, corrosion, 
aging and mechanical properties. 

A.M. 


American Cyanamid Co. 


Editor's Comments 

Statements made in an animated dis- 
cussion, such as the one at the Western 
Metal Congress, are likely to lack the pre- 
cision and scope of a document written 
with deliberation. Those who will re-read 
the original report on pages 825 and 826, 
Metal Progress tor June, will find that the 
“experts” were considering the various ele- 
ments as they affected the quench harden- 
ing (“hardenability’) of steel rather than 
any influence on work hardening or age 
hardening. There was no disparagement 
of the role of nitrogen —— quite the opposite. 


Effect of Titanium on Gray Iron 


Niacana N. Y. 

So much has been written about titanium 
in the past six months that it has created an 
interest on the part of all metal users concern- 
ing the application and properties of this metal. 
Since a foundryman’s inquisitive nature follows 
the same line as a metallurgist’s, | believe this 
is the reason Mr. J. Ochsner, chief metallurgist, 
Crouse-Hinds Co., Syracuse, N. Y., sent two 
*s-in. round bars of gray cast iron, one 
untreated and one treated with 0.15¢. titanium, 
to Titanium Alloy Mfg. Co., Niagara Falls, 
N. Y., for examination of physical properties 
and microconstituents. Each bar had 3.36 
earbon, silicon. 

Macroscopic examination of the treated bar 
indicated good distribution of fine graphite* 
plus some TiC formation. Microscopically each 
bar shows considerable steadite (indicating 
presence of high phosphorus) with a matrix of 
ferrite and pearlite plus graphite flakes. The 
untreated bar had a greater ferrite to pearlite 
ratio plus longer graphite flakes. The typical 


*The pronounced effect of titanium on graph- 
ite size and distribution is shown in micrographs 
by George Comstock which appeared in Titanium 
Alloy Mfg. Co.’s publication, “The Effect of Tita- 
nium on Cast Iron”. 
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pale angular crystals of titanium carbide are a 
third contributing factor for the increase in 
strength and hardness as found by tensile and 
Brinell tests. 
Test data obtained are as follows: 
1. Tensile Strength 
Untreated bar with one notch, 29,400 psi. 
Treated bar with two notches, 35,700 psi. 
2. Hardness (3000-Kg. Load) 
Untreated bar, Brinell 163 
Treated bar, Brinell 185 
This variance in strength, notch sensitivity, 
and hardness is of the magnitude expected for a 
titanium addition. Other properties 
which should be influenced by the graphitizing 
effect of titanium are machinability, heat resisi- 
ance and corrosion resistance. These properties 
are improved along with strength and hardness 
when finer graphite is produced. 
D. W. MceDowe Jn. 
Titanium Alloy Mfg. Go. 


Progress in Corrosion Prevention 


TEDDINGTON, MippLesex, 
ENGLAND 

Since 1945, outstanding progress has been 
made in the treatment of the corrosive environ- 
ment. In immersed corrosion, the use of cor- 
rosion inhibitors has been long established, both 
for acid conditions (for example, in’ pickling 
solutions for the removal of scale without attack 
on the underlying steel) and in neutral solutions 
and natural waters. However, some of the most 
eflicient corrosion inhibitors — such as sodium 
chromate — for the latter purpose have the dis- 
advantage of giving rise to marked localized 
attack, if the amount added falls just below that 
needed for complete protection. 

Investigations at Britain’s Chemical Research 
Laboratory at Teddington, Middlesex, have 
revealed the valuable corrosion-inhibitive prop- 
erties of sodium benzoate. This is free from the 
objection of localized corrosion if insufficient 
inhibitor is added, although a stronger concen- 
tration is needed for protection than with the 
chromates. It has the further advantage of 
compatibility with organic substances so that it 
may be added to antifreeze solutions of glycol 
and glycerin in which it contributes to the freez- 
ing point depression in proportion to the amount 
that is added. Impregnated in paper, it is used 
extensively for the wrapping of machined steel 
surfaces for storage or transport; under condi- 
tions of high relative humidity intermittently 
(Correspondence continued on p. 81) 
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NI-RESIST’ CASTINGS PRODUCED IN 


ALL IMPORTANT INDUSTRIAL AREAS... 


Your Complimentary ot “Engineering Properties and Applications of Ni-Resist” 


is Ready at the Nearest Authorized Ni-Resist Foundry Listed . . . Write for it Now. 


Abrasive Alloy Castings Co., Bridgeboro, NJ 

American Brake Shoe (o., New York 17, N.Y 

Americon Brake Shoe Co., Electro-Alloys Division, 
Elyria, Ohio 

American Brake Shoe Co., Engineered Castings Di- 
vision, Rochester 11, N 

American Cast tron Pipe Co., Birmingham 2, Ala. 


American Chain & Cable Co., Inc., Reading Steel 
Casting Division, Reading, Pa 


Baker Perkins, Inc., Saginaw, Michigan 


Baldwin-Lima-Hamiiton Corp., Eddystone Division, 
Philadelphia 42, Pa 


Barnett Foundry Co., Irvington, N. J 
Buffalo Stainless Casting Corp., Buffalo 11, N. Y. 
Corondelet Foundry Co., St. Lowis 10, Mo 
Centrifugal Casting Co., Long Beach 7, Calif. 
Chicago Hardware Fdry. Co., The 

N. Chicago, IIlinois 


Chris. Erhart Fdry. & Mach. Co., The 
Cincinnati 3, Ohio 


Dameron Metal Sales (o., Compton, Calif 
DeZurik Shower Co., Fdry. Div., Sartell, Minn. 
Duluth Brass Works Co., Duluth, Minn 

Duriron Co., Inc., The, Dayton 1, Ohio 
Eagle Foundry (o., Seattle 4, Wash 

Electric Steel Foundry Co., Portiand 10, Ore 
Elizabeth Street Foundry Co., Chicago 36, Ii! 
Engineering Castings, Inc., Marshall, Michigan 
Fahralloy Co., The, Harvey, til. 

Frank Foundries Corp., Moline, Ili 

General Metals Corp., Oakland 3, Colif 
Golden's Foundry & Mach. Columbus, Ge 
Hamilton Foundry & Mach. Co., Hamilton, Ohio 


Hunt-Spiller Manufacturing Corp., South Boston 
27, Mass. 


Janney Cylinder Co., Philadelphia 36, Po 
Kingsport Foundry & Mfg. Corp., Kingsport, Tenn. 


Koppers Co., Inc., Metal Products Division 
Baltimore 3, Md 


Kutztown Foundry & Machine Corp., Kutztown, Pa 
Michiana Products Corp., Michigan City, Ind 
Michigan Steel Casting Co., Detroit 7, Mich 
Montague Machine Co., Turners Falls, Moss 
Moran Flexible Joint Co., Inc., Louisville 2, Ky 
Olney Foundry, Link-Belt Co., Philadelphia 20, Pa. 


Pacific Foundry Company, Ltd., San Francisco 10 
Col. 


Peru Foundry Company, Peru, Indiana 
Pusey & Jones Corp., The, Wilmington 99, Del 
Reda Pump Co, Bartlesville, Okla 


Richmond Foundry & Mfg. Co., Inc., The 
Richmond 20, Va 


Ross-Meehan Foundries, Chattanooga |}, Tenn 

St. Pau! Foundry & Mfg. Co., St. Paul 3, Minn 
Shenango-Penn Mold Co., Dover, Ohio 

Standord Brass & Mfg. Co., Port Arthur, Texas 
Stanley Foundries, Huntington Park, Calif 
Sterling Foundry Co., The, Wellington, Ohic 
Taylor & Fenn Co., The, Hartford 1, Conn 
Texaloy Foundry Co., San Antonio 3, Texas 
Thomas Foundries, Inc., Birmingham 1, Alabama 
Trinity Valley Iron & Steel Co., Fort Worth, Texas 
W. S. Tyler Co., The, Cleveland 14, Ohio 
Weatherly Foundry & Mfg. Co., Weatherly, Pa 


Ni-Resist provides a unique combination of 
engineering properties: resistance to corro- 
sion, heat and wear; strength and toughness; 
good machinability; high electrical resistance 
and, by suitable choice of nickel content, non- 
magnetic characteristics and high and low 
thermal expansion. A few typical instances of 
the numerous successful applications are 
shown below. 


Wells Manufacturing Co., Skokie, Ii! 
Westlectric Castings, Inc., E. Los Angeles 22, Calif 
United States Pipe and Foundry Co. 

Burlington, N. J 
Utility Steel Foundry, Vernon (L. A.), Calif. 
Zenith Foundry Co., West Allis 14, Wis 


Light Castings . . 
duced in Ni-Resist for engines used in corrosive 
service. 


Medium Castings . 


lengthen life of sewage disposal equipment. 


At the present time the National Produc 
tion Authority limits the applications for 
which nickel and its alloys may be used. 


. Free from tendencies to 
corrode, comminutor ports cast in Ni-Resist 


COMPANY, INC. 


Heavy Castings . . . Casing, ovter column and dis 
charge head of this 14-ton pump are cast in Ni 
ee for resistance to salt woter and other cor 


rosive media 


. These piston rings are pro 


67 WALL STREET 
NEW YORK 5, N.Y. 
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Properties of Nimonic’ Alloys 


Chemical Composition 


75% Fi anp CFT 80,* C+ ann CCt B80A* 90,* BF ann CBT De 
Nickel 80 (a) 72 (a) 80 (a) 80 (a) 62 (a) 37 (a) 
Chromium to 21 21 18 to 21 18 to 21 18 to 21 18 (a) 
Cobalt <2.0 2.0 15 to 21 
<5.0 ll <5.0 5.0 <5.0 Remainder 
Titanium 0.2 to 0.6 0.2 to 0.6 1.8 to 2.7 1.8 to 2.7 1.8 to 2.7 
Aluminum 0.5 to 1.8 0.5 to 1.8 O.8 to 1.8 
Carbon 0.08 to 0.15 | 0.08 to 0.15 <O0.1 <0.1 <0.1 
Silicon <1.0 <1.0 <1.0 <1.0 <1.5 
Manganese <1.0 <10 <1.0 1.0 <1.0 
Copper <0.5 


Physical Properties 


75,F | 80,80A,C 90,B 

Specific gravity 8.35 8.2 to 8.25) 8.27 8.53 
Specific heat 

20 to 100° C, O11 0.103 

20 to 900° C. 0.128 
Thermal conductivity (b) 

At 100°C. 0.032 0.029 0.030 0.034 

At goo? 0.071 0.066 0.0690 
Thermal expansion 

20 to 100°C, 12.2 11.9 11.6 14.2 

20 to 500° C, 14.1 13.7 13.7 16.2 

20 to 700° C. 15.4 14.5 15.0 15.5 

20 to C. 16.0 15.8 17.0 
Electrical resistivity ¢d/ 10 124 115 108 


*Nimonic 80, 80A and 90 are wrought alloys which meet speci- 


fications D.T.D. 725, 
creep clauses. 


736 and 747, 
“Nimonic” 


respectively, containing 
is a registered trale-mark owned 


by Mond Nickel es... Ltd., London, England, 


Recommended Heat Treatments 


Nimonic 75 and F are not usually given 
solution or aging treatments. Recommended 
anneal is at 1650 to 1825° F. 

Nimonic 80, 80A and 90 are given solution 
treatment of 8 hr. at 1975° F., air cooled. Aging 
is 16 hr. at 1290° F., air cooled. 

If Nimonic 80, 80A and 90 are to be cold 
worked, they should be first annealed at 1825° 
F. and water quenched. After cold working 
they should be given the above-mentioned 
solution and aging treatments. 

Air is recommended for atmosphere. 
0.003 in. for seale. 


Allow 


‘These are wrought alloys with no guaranteed 
minimum creep properties. 

tCasting alloys. 

(a) Nominal value; nickel is “ 
in Nimonic D. 

(b) C.g.s. units. 

(c) Mean coefficients in millionths per °¢ 

(d) Microhms per cm. per sq.cm. at 20° C, 


remainder” except 


Creep and Fracture Stresses at Various Temperatures 


Temperoture, °F. Temperature, °F. Temperature, °F. 
‘= NSO 1250 1350 1150 1250 1350 1250 1350 1450 
Qa T T T T ¥ 70 T T T T 70 ae i T T T 70 
Nimonic 80 Nimonic BOA | Nimonic 90 
Creep Strain |©° 0.2% Creep Strain |©° 0.2% Creep Strain} 
35 Read Right 50 Right |50 
© 40 
1 30 
70 20 70 70 
60 10 60 10 60 10 
50 50 50 2 
40 40 
Reod Left Read Left” ~ Read Left 
20 Fracture Curves ie Fracture Curves - Fracture Curves. 3 
10 Ou 10 L = 
600 650 700 750 650 700 750 650 700 750 800” 


Temperature, °C. 


Temperature, °C. 


Temperature, °C. 
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...they saved 
IN HEATING TIME 


ON REJECTS 


Distortion of clutch levers and roller bearing 
thrust plates treated in a conveyor type furnace 
was causing a high rejection rate at Rollway Bear- 


The clutch lever, SAE 1050-1066, was treated at 1550°F. 
in AEROHEAT 1200, oil quenched, then tempered at 
625°F. for two hours. To meet specifications, the ends 
of the plate had to be parallel within .001” in the plane 
of the face. The recommended treatment reduced distor- 
tion and cut the reject rate from 40% to 5%. 


The roller bearing thrust plate, SAE 52100 or its modifica- 
tion, was heat treated at 1525-1550°F. in AEROHEAT 
1200, oil quenched, then tempered at 385-400°F. for 20-25 
hours. With a maximum distortion of .010” permissible, 
average distortion has been .005-.006" since using AERO- 
HEAT 1200. Uniform heating was secured, and heating 
time cut by 20%. 

Here is another example of how Cyanamid technical serv- 
ice and heat treating compounds help you meet high 
specifications for civilian and defense contracts, so... 


Next time call Cyanamid first . . . 


Cyanamid's heat treating compounds include: 
AEROCARB® Carburizing Compounds 

AEROCASE® Case Hardening Compound 

AEROHEAT® Heat Treating Compounds 


In Canada: North American Cyanamid Ltd., Toronto and Montreal. 


ing Company. Rollway engineers felt the process could be improved 


thanks to AEROHEAT® 1200 Heat Treating Salt 


and called in a Cyanamid Technical Representative who recom- 


mended a change to AEROHEAT 1200 salt baths. 


Ends of these clutch levers, hardness 40-46 Rockwell C, ore held parallel to within 
001”. 


These roller bearing thrust plates, hardness 60 Rockwell C, since treating with 
AEROHEAT 1200, have an average distortion of only .005-.006". 


© american Granamid COMPANY 


INDUSTRIAL CHEMICALS DIVISION 
30 Rockefeller Plaza, New York 20, N. Y. 
DD Please send me technical data sheet on AEROHEAT 1200 
() Please have technical service representative call 


Name. Positi 
5 
Address 
City 
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In addition to B&L Metallographs there's a complete line of B&L 
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all phases of metallurgical research and production. 
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Correspondence 


(Continued from p. 80) 
reaching saturation, as in the tropics, the steel 
surfaces remain bright, even when the wrap itself 
has become moist. For this purpose it has the 
additional advantage of freedom from any der- 
matitic effect in contrast to chromates. A further 
development is the incorporation of sodium ben- 
zoate into rubber latex for the purpose of pro- 
ducing, by simple dipping of the article in the 
latex, a tough and resilient film under which the 
metal remains bright throughout adverse condi- 
tions of exposure. The film can be quickly 
stripped when no longer required. 

“Vapor phase inhibitors” are also being 
developed for use in the packaging of metal 
parts; as their name implies, these substances 
(salts of organic bases) have sufficient vapor 
pressure to permit the protection of the metal 
surface (usually steel) at a sensible distance 
from the source which again may conveniently 
take the form of an impregnated wrap. 

Sodium nitrite, an efficient inhibitor toward 
steel and cast iron, has a specific attack upon 
soldered joints. Sodium benzoate is highly inhib- 
ited to solder but is not effective toward cast 
iron; in suitable concentration it has the prop- 
erty of suppressing the attack of nitrite upon 
solder. The “mixed inhibitor” has proved useful 
for protecting cast iron, solder and steel when 
present conjointly, as in the cooling systems of 
motor vehicles carrying glycol antifreeze. It has 
also been successfully applied to the treatment 


of rubber latex. 
W.H. J. Vernon 
Senior Principal Scientific Officer 
National Chemical Research Laboratory 
of Great Britain 


Jigs for Positioning 
Keyhole Notch 


Wernton, W. Va. 

Uniform preparation of keyhole notch impact 
specimens has resulted from using the two jigs 
illustrated. 

The two blocks are prepared from 1-in. 
square bar stock by machining a channel 0.394 
x 0.394 in. and finishing to a 55-mm. length. A 
stop plate is screwed to one end of each. A 
%g-in. diameter hole is drilled through one jig 
approximately 0.04 in. off width center and is 
fitted with a hardened piece of drill rod which 
previously had been drilled with a No. 47 drill 


(0.0785-in. diameter). The: other jig is notched 
as shown by sawing to a depth of not more 
than 0.140 in. and then hardened. 

The machined impact specimen is placed in 
the first jig and drilled with a No. 48 drill 
(0.0760-in. diameter) using slow feed and fre- 
quent withdrawal of drill to facilitate removal 
of the steel cuttings. Reaming of the hole is 
accomplished by using a No. 47 drill (0.0785-in. 
diameter) running at moderately fast speed. The 
drilled specimen is then placed in the other jig 
and sawed by means of a band saw or hack saw 
through the shallower dimension to complete the 
keyhole. 

C.D. Fours 


Research Metallurgist 
Weirton Steel Co. 


Perchloric Acid Explosions 


New Haven, Conn. 

The letter of P. A. Jacquet on “Electrolytic 
Polishing of Nickel” in the August 1951 issue of 
Metal Progress (page 65) was noted with 
interest. 

While it is true that perchloric acid and 
acetic anhydride baths can be used very satis- 
factorily for electrolytic polishing, | want to 
call your attention to the fact that mention of 
this plating bath should not be made unless 
attention is called to the hazards attendant with 
its use. Perhaps the tremendous explosion at 
the O'Connor Electroplating Co., Los Angeles, 
may be forgotten by your readers, or the full 
details may not be familiar to them. Also, new 
readers may not know about the explosion. 

Perchloric acid solutions are extremely 
hazardous to use, and there is danger of spon- 
taneous decomposition with great violence if the 
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This 
explosion can be caused by overheating or by 


perchloric acid is caused to “explode”. 


the presence of a reducing agent, or both. Even 
small solutions of perchloric acid and acetic 
anhydride can do heavy damage and may kill 
the operator if they explode. No one knows 
what caused the tank to explode at O’Connor 
Electroplating but the damage was great and 
many people lost their lives. There are, no 
doubt, other satisfactory electropolishing solu- 
tions that do not involve the hazards met in the 
use of any compound containing perchloric 
acid, and perhaps Dr. Jacquet could suggest 
some other safer type of solution, 
R. Meyer 
President 
Enthone, Ine. 


Editor's Comments 

Metal’ Progress has published three 
items during the past several vears regard- 
ing the care that should be taken when 
using perchloric acid. Gist of these warn- 
ings is to chill the ingredients (perchloric 
acid and acetic anhydride) before mixing 
because a large amount of heat is evolved: 
not to electropolish specimens mounted in 
bakelite or lucite: not to electropolish bis- 
muth or its alloys with hot perehloric acid; 
to use down-draft fume hoods and ducts of 
welded steel vented directly to the outside, 
with the walls and exhaust ducts contin- 
ually water-sprayed to prevent accumula- 
tion of the highly explosive condensate. 
Balle plates should not be used unless they 
can be easily removed and washed. Per- 
cehlorie acid fumes should never be allowed 
to come in contact with wood as there is no 
way of making it safe after it has soaked 
up perchloric acid. 


Spheroidal Cast Irons 


Panis, France 

Certainly the most sensational development 
in the field of cast iron is the so-called nodular 
east iron. Since the graphite occurs in’ sphe- 
roids, the product more properly should be called 
“spheroidal” cast iron. Graphite exists as ran- 
dom masses with irregular and torn contours 
in malleable iron, whereas spheroidal iron 
the graphite is in crystalline masses radially 
oriented around a common center, and exists 
as smooth spherical particles. 

Even if we did not know how to make such 
a metallurgical product +1 acknowledge that we 
do) we could anticipate (hat such a microstrue- 
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ture would considerably improve the properties 
of normal irons. Indeed, Sauveur in his “Metal- 
lography and Heat Treatment of Lron and Steel” 
(p. 383) wrote in 1935: “Were it possible to 
cause the graphite in cast iron to oecur in small 
rounded particles instead of sharp, curved 
plates, its ductility and strength would undoubt- 
edly be greatly increased.” 

Spheroidal graphite is obtained by adding 
small amounts of such elements as the alkali 
metals or the alkaline earths 
cerium (British Cast) Lron 
magnesium (International 
calcium-silicon (Thyssen). 


specifically, 
Research Assoc.), 
Nickel Co.), and 
The mechanism of 
spheroid formation and the determinative fac- 
tors involved are not exactly known. As in the 
devitrification of enamels, and cast 
basalts (all of which can form spheroidal erys- 
tals) 


glasses, 


the development of spheroids depends 
upon the phenomena of undercooling, viscosity 
of the matrix, the relative values of rates of 
nucleation and erystal growth. As relates to 
cast iron, several factors are of importance: (a/ 
those elements such as sulphur that tend to give 
white iron, (b/ the state of undercooling with 
respect to graphite, (¢/ the nucleation tempera- 
ture which affects the viscosity of the matrix. 
Furthermore, nucleation rate can be changed 
at will by introducing artificial nucleants, whose 
effect depends upon their melting point, and 
their crystalline similarity to the solid particles 
forming from these centers of crystallization. 
These inoculants or nucleants may either favor 
the lamellar or spheroidal form, as the case may 
be, or in addition can offset other nucleants 
normally present that form lamellar graphite 
(such as silica or silicate inclusions). 

As Professor de Sy indicated in Metal Prog- 
ress (June 1950, p. 774), the existence of these 
artificial nucleants has been confirmed inde- 
pendently of the optical and polishing effects 
that first brought them to notice. 
Thyssen, 


Professor 
spectrographic method, 
found magnesium in these germs, which led to 
the suggestion that the compound Mg.Si would 
act as inoculant 


using the 


since magnesium- 
treated cast iron a silicon addition must follow 
the magnesium. 

Further experiments on the process of the 
growth of these spheroids would appear worth 
pursuing, especially experiments 
quench during 


involving a 
solidification, the so-called 
Boyle’s method as used by Laplanche with ordi- 
nary cast irons, and by de Sy and Piwowarski 
with spheroidal cast 
American workers. 


irons, and by various 
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High Purity 


Zirconium Metal 


Ax INVESTIGATION Was conducted by the Research 
and Development Department of the Foote Min- 
eral Co. for the United States Air Force whose 
primary object was to prepare zirconium low in 
hafnium for use in determining the physical 
properties of essentially pure metal. 

Commercial zirconium always contains haf- 
nium, and most of the published properties of 
the metal are actually the properties of a 36 
hafnium-zirconium alloy. Zirconium is relatively 
abundant, comprising 0.025% of the earth's 
erust. It is light in weight and resistant to most 
acid and alkaline solutions. 

Zirconium and hafnium (the metal imime- 
diately below it in the periodic sequence) are 
so similar in their chemical behavior that the 
separation of the two is exceedingly difficult. 
Zirconium oxide, essentially free from hafnium, 
was produced by the fractional distillation of a 
mixture of commercial zirconium tetrachloride 
and phosphorus oxychloride. The final conden- 
sate, corresponding to the com- 
plex 1.5 ZrCl,- 1.0 POCI,, was 
dissolved in methyl alcohol 


and treated with ammonia, pre- Research and Development Laboratories 
Foote Mineral Co. 
Berwyn, Pa. 


cipitating zirconium oxide. 
The purified oxide, con- 
sisting of fourteen lots weigh- 
ing from 4 to 12 Ib. was chlorinated directly 
with one third the weight of 20-mesh charcoal in 
the chlorinator shown in Fig. 1. Range of com- 
position of the oxide is shown in the second 
column of Table Ll. The temperature of the chlo- 
rinator was maintained at 1740°R. (950° C.). A 
flow of O11 cut. per min, of chlorine was main- 
tained during the process. ‘Temperature to the 
main condenser was controlled at 390° F. (200° 
C.) by strip heaters. No attempt was made to 
control the temperature of the second and third 
condensers, but the product of each was held 
separately in steel containers pending analyses. 
This operation yielded 114 Ib. of zirconium 
tetrachloride, which was 52 conversion of the 
purified oxide. A typical analysis is given in the 
third column of Table 1 The zirconium tetra- 
chloride was then converted to zirconium sponge 
in the reducing unit shown in Fig. 2. The unit 


was designed to operate at atmospheric 


pressure and to produce about 5 tb. of 
sponge per charge. The shell of the unit 
was constructed of Type 309 stainless 
steel. This contained an iron product pot 
below and a nickel subliming chamber 
above; the two sections of the shell were 
sealed with an asbestos gasket and bolted 
together. Nickel baffle plates were placed 
over the product pot to prevent solid par- 
ticles from being carried down and contaminat- 
ing the sponge. ‘Temperatures of the two sections 
were controlled separately. 

The charge consisted of about 12 Ib. of zir- 
conium tetrachloride placed in the subliming 
chamber, and 5 tb. of sodium placed in the prod- 
uct pot. Potassium chloride was added with the 
sodium metal to promote segregvtion of the 
sodium chloride formed during the reduction. 
After the unit was assembled it was evacuated 
to approximately 20-in. mereury pressure and 
back-filled with helium. 

Reduction was carried out by heating the 
sodium metal to approximately 1475° F. (800° C.) 
and slowly heating the subliming chamber, con- 
taining zirconium tetrachloride, to a maximum 
of 980° F. (500°C.). The tetrachloride slowly 
sublimed and the vapor passed down through a 
central tube into the lower or product pot where 
it reacted with the sodium metal, thus being 
reduced to zirconium. The reaction was con- 

trolled by regulating the 


By F. B. Litton pressure. 


After the reaction 
was completed, the crude 
sponge and salt) matrix 
was chipped from the 
product pot and leached 
with 106 hydrochloric acid. The sponge was 
then washed free of chloride with distilled water. 
In this manner a total of 23 Ib. of sponge was 
produced for later purification. The yield on this 
operation, figured on chloride charged, was 
O17. Yield from the purified oxide was 27.4%, 
exclusive of unused fine material. Results of 
the spectrochemical analysis for metallic impu- 
rities in the zirconium sponge are shown in the 
fourth column of ‘Table 1. 

The sponge was converted to high purity 
zirconium in deBoer-type iodide decomposition 
tubes constructed from both glass and metal, 


*Material in this paper is from a contribution 
to the International Congress of Pure and Applied 
Chemistry, New York City, Sept. 10, 1951, entitled 
“Preparation and Some Properties of High Purity 
Zirconium Metal”. The work was done under United 
States Air Force Contract No. W-33-038 AC 20168. 
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respectively, exclusive of 
grade material and fines. A representa- 
tive spectrochemical analysis of the 2% 
small lots of metal produced in Inconel 
tubes is shown in the fifth column of 
Table I. 

Oxygen and nitrogen in the particu- 
lar lot recorded in Table I (Lot No. 710) 
were 0.030 and O.018& respectively. 
Analyses of the various lots ranged 
between a minimum of 0.019 and a max- 
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Fig. 1 Experimental Chlorinator Used to 
Convert Purified Zirconium Oxide to Chloride 


The Pyrex glass tube was 4 in. outside diameter by 28 in. long: 
'\-in. tungsten electrodes were sealed in to accommodate a 
single 0.090-in. zirconium U-filament, 28 in. in length. The 
f-in. Inconel tube was 12 in. long, having '2-in. molybdenum 
electrodes to accommodate a single 0.090-in. zirconium U-fila- 
ment, 18 in. in length. Molybdenum grids were used to support 
the crude zirconium during the deposition process. 

After loading the tube with wet sponge, it was heated to 
about 930° F. (500° C.) and evacuated to 10° mm. Hg pressure. 
The tube was then cooled to room temperature and 50 g. of 
iodine added. After sealing, the tube was placed on an iodide 
decomposition panel and the current adjusted. Tubes were 
operated at an outside temperature of 390° F. (200° C.). When 
the purification run was completed, the tubes were opened 
under argon, flushed with a slurry of methyl alcohol and dry 
ice, and washed with distilled water. 

A total of 7.35 Ib. of essentially pure zirconium was pro- 
duced by the thermal decomposition of the tetraiodide during 
the experimental work. The yield of zirconium metal was 8.7, 
16.5 and 32°) based on oxide, tetrachloride and sponge weights 


Table I — Spectrochemical Analyses of Materials 
Used for Processing Iodide Zirconium 


LIRCONIUM 

ZrO.* 92 to 97 
Zr 99.527 99.937 
P.O, 1.35 to 4.56 
Al 0.02 to 0.07 0.014 0.037 <0.003 
Ca 0.005 to 0.044 0.006 0.007 | <0.003 
Cu 0.003 to 0.014 O.004 | 
Fe 0.005 to 0.035 0.019 0.115 | <0.003 
Mg 0.004 to 0.012 0.012 0.185 | <0.003 
Ni 0.008 to 0.027 0.011 0.008 0.008 
Si 0.004 to 0.173 0.025 0.072 O.017 
Ti 0.003 to 0.007) | 0.004 0.004 <0.003 
Hf 0.007 to 0.042 | 0.028 | 0.028 0.029 


*Determined by wet analyses. 7*By difference. 
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imum of 0.086% ©., and a minimum of 

0.002 and a maximum of 0.082) N,. 
Oxygen was determined by the HCl 

method. 


The precision was observed to 


Fig. 2 — Reducing Unit for Converting Zir- 
conium Tetrachloride to Zirconium Sponge 
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be =0.002°% in the range of 0.02% 
Most of the oxygen was contained near 
the surface of the metal. For example, 
a sample of zirconium rod which 
showed 0.04% O, was 
0.02% by removing the surface film 
prier to analysis. 
mined by a modified Kjeldahl method, 
which is generally accepted for deter- 
mination of nitrogen in zirconium and 
titanium. 


reduced to 


Nitrogen was deter- 


Comparing the average content of 


each of the major metallic impurities 
} with the average content of that 
impurity in the sponge, it was noted 
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Fig. 4— Increase in Surface Hard- 4000 I 
ness After Heating Zirconium Metal H| 
in Air at 1020, 1380 and 1740°F. 3000} 
(550, 750 and 950°C.) for 2 Hr. 1| 
2000 
that iodide purification (in 29 1500'| 
runs) reduced the impurity S 1050 | 
content as follows: Silicon, 4 1000 ‘| 
31.6% eliminated; aluminum, | 
62.7%; iron, 87.1%: magne- 
sium, ; titanium, 48.0% ; | 
nickel, none; calcium, 34.2% ; 600 }}'| 
and hafnium, none. i 
400 
PROPERTIES OF IODIDE ZIRCONIUM 
200 


Hardness variation of the spec- 
imens was attributed to minor dif- OLu4 


average 90 and the standard deviation *17 
units. Metal softer than Rockwell A-9.5 and 
Vickers 72 appears impractical to obtain 
through the iodide purification process. 

It is generally known that iodide zirconium 
possesses unusual ability to absorb cold defor- 
mation without fracture, even after the approxi- 
mate maximum hardness value attained through 
cold working was reached. It is quite common 
to cold reduce crystal bar 95% in thickness. 
Experiments were conducted to determine the 

effect of quenching from 
—— 1020 °F. above and below the 
transformation on the 
shape of the hardness 
versus cold reduction 
curves. 


ferences in oxygen and _ nitrogen 
contents, even though this opinion 
was not substantiated by chemical 
analyses. These elements could be 
introduced into the growing rod through (a/ 
residual gas not pumped from the tube, (b) gas 
introduced with iodine, and (c) minor leaks in 
tube during deposition. 

The average hardness of the 29 samples of 
iodide zirconium was Rockwell A-20.9 and Vick- 
ers 90.1. The maximum value of Rockwell 
hardness was A-36.3; the minimum A-9.5; the 
arithmetical average A-20.9 and the standard 
deviation *©6.7 units. The maximum value of 
Vickers hardness was 140; the minimum 72, the 


Fig. 3— (A) Cold Reduction Versus Hardness 
for Crystal lodide Bar and (B) Are Melted Ingot 
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The material chosen 
for these experiments 
has the following analy- 
sis: 0.13% Si, 0.072 Al, 
0.018% Mg, 0.077% Fe, 
0.010% Ti, 0.010% Ca, 0.002% N, 1.90% Hf, 
and 97.78% Zr (by difference). 

Specimens of crystal bar and are melted 
ingot were wrapped in sheet zirconium and heat 
treated in welded iron cans back filled with 
helium. The specimens were quenched after 
heating for 16 hr. at 930, 1290, and 1650°F. All 
specimens were cold rolled to approximately 
0.025 in. thick. Rockwell A hardness values 
plotted against per cent cold reduction are shown 
in Fig. 3A and B. 

Quenching from 1650° F. (above the trans- 
formation) hardened the crystal iodide bar (A) 
10 points on the Rockwell A scale, and the are 
melted bar (B) 4 points. Cold working the 
quenched bars A increased their hardness at a 
more rapid rate than are melted bars B, but all 
bars quenched from 1650° F. reached maximum 
hardness of about A-54 after 60% and higher 
reduction (cold). 


8 12 2.0 


Initial hardness of bars as-quenched from 
below the transformation was about 8 Rockwell 
A points lewer than when they were quenched 
from 1650° F. This differential was reduced to 
about 3 points after 25° cold reduction. lodide 
bars A initially quenched from the lower tem- 
peratures were always softer in cold worked 
condition than if previously quenched from 
1650° F.; are melted bars B had about the same 
hardness after 60° or more cold reduction 
irrespective of prior heat treatment. 

These observations suggest certain structural 
changes in zirconium, probably resulting from 
impurities, which warrant further investigation. 
In order to determine the extent of oxygen 
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penetration in relatively pure zirconium (99.87% 
Zr, 0.062 Hf, rest Si, Al, Mg, Fe, Ti, Ni, Ca and 
Cu), duplicate cold swaged diameter rods 
were heated in still air at 1020, 1380, and 1740° F. 
for 2 hr. The extent of penetration was deter- 
mined on polished cross sections by measuring 
Vickers hardness, using 1200-g. load for 20 sec., 
at various distances from edge 

of specimens. Results” are 
plotted in Fig. 4. 

It was observed that maxi- 
mum penetration was 0.35 mm. 
at 13880 and = 1740’ F., 
though the hardened zone at 
higher hardnesses (above 200 
Vickers) penetrated deeper at 
the latter temperatures. At 
1020° F.. the penetration was 
0.2 mm. The higher hardness 
of the core on the 1740° F. 


even 


spec- 


Fig. 5 (right) lodide Zirconium 
Containing 0.001% Hy. Structure 
relatively free of second phase but 
containing twins. Etehed with 
modified Tucker's reagent. 500 


4 


lodide Zirconium Containing 
H, With Normal Structure. Etehed 
with modified Tucker's reagent. 500 


imen probably resulted from structural changes 
due to the transformation, 

These data indicated that, when desirable, 
zirconium could be worked in air below. the 
transformation temperature, 1583° FL (862° C.), 
without deleterious effect on the properties of 
the base metal. Penetration of oxygen) (and 
probably nitrogen) was substantially less than 
0.5 mm. for 2-hr. heating period. 

The oxidized layer during these tests was 


black, and adhered to the zirconium specimens. 
Minor impurities or 


a combination of impu- 
rities radically affect the extent and nature of 
the oxidized layer. Aluminum and nitrogen con- 
tents (approximately and respectively ) 
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were particularly harmful. The oxide is not 
protective. However, surface grinding to remove 
0.5 mm. from the surface is generally sufficient 
to remove the oxidized surface. 

The microstructures of two specimens of 
relatively pure zirconium are shown in Fig. 5 
and 6. The essential difference in analyses is 

in hydrogen content. Zirconium 

containing 0.001 H,* is shown 

in Fig. 5. The metal is sub- 

stantially single phase, show- 
ing some twins. Figure 6 shows 
a considerable amount of sec- 
ond phase. The hydrogen con- 
tent of this specimen was 
Time did not per- 
mit identification of the second 
phase. Evidence pointed toward 
two possibilities: Metasta- 
ble beta retained as a result of 
minor impurities, and a 
stable constituent, such as zir- 
conium 


hydride or inter- 


metallic compound. 
CONCLUSIONS 


1. A total of 7.35 Ib. relatively pure zireo- 
nium was produced for determination of certain 
basic physical properties. The material analyzed 
about 99.94 zirconium. 

2. Comparing the average content of each 
of the inajor metallic impurities in iodide refined 
zirconium with the analysis of crude zirconium 
starting material, it was noted that iodide refine- 
ment reduced Si, Al, Mg, Fe, Ti and Ca substan- 
tially, but there was no reduction in niekel and 
hafnium. 

3. The work hardening curves for iodide 
and are melted iodide zirconium were similar, 
except that approximate maximum hardnesses 
were attained at 70 and 600 cold reduction, 
respectively. The maximum hardness was Rock- 
well A-52) for both cold 
reduction. 


materials after 900 


4. The penetration of oxygen into zirconium 
at 1020, 1380, and 1740°F. was determined for 
2-hr. periods in still air. Hardness 
measurements showed that approximately 0.35- 
mm. penetration occurred at 1380 and 1740° F. 

» The hardness of iodide zirconium was 
Rockwell A-20.9 + 6.7 (Vickers 90 + 17). Mini- 
mum value was Rockwell A-9.5 (Vickers 72). 
These are the lowest reported for zirconium, 
indicating exceptional ductility and purity. @ 


heating 


*Hydrogen was determined by vacuum fusion 
inethod by Battelle Memorial Institute. 
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Engine Exhausts 


= ST SYSTEMS for aircraft engines consist 
of ducts of complicated shape which collect the 
hot combustion gases from the various cylinders 
and lead them safely away to supercharger 
units, to heat interchangers, and to exhaust. 
Gases issuing from internal combustion engines, 
as everyone knows, are very hot; ducts near the 
entrance may reach 1800°F. The exhaust sys- 
tems must be made of thin sheet alloys which 
will not only resist oxidation in air on the out- 
side, but carburization from the carbon monox- 
ide in the hot gases. Concentrated blast effect 
(“blow-toreh action”) is involved certain 
spots. The exhaust 
quantities of lead bromide (PbBr.) derived from 


chemicals 


also carries appreciable 

introduced into the gasoline to 

As there 

is considerable vibration in the entire 

engine mount, the 

fatigue failure is not to be discounted. 
Obviously, 


increase its octane rating. 
possibility of 


metal 
and construction are needed to insure 


very superior 
service without failure for consider- 

able periods in this most critical serv- 

ice. Alloys high in the strategic metals nickel 
or cobalt or columbium (such as Inconel X, 
Like- 
wise 19-9DL stainless steel has given satisfac- 


N-155 and Hastelloy ©) have been used. 


tory service in engines on commercial aircraft. 
This alloy has about the minimum of strategic 
metals and we at Ryan Aeronautical Co. felt 
that if its life could be extended by the use of 
ceramic coatings, an important 
would have been taken not only from a stand- 


forward step 


point of better service in aircraft engine exhaust 
systems but as a substantial aid in the conserva- 
tion of critical elements which are in short sup- 
ply and which are generously used in corrosion 


and heat resistant alloys. Suecess would mean 


that the so-called “luxury” class of alloys in 


many applications could be supplanted by 


cheaper alloys given the benefit of life-extending 


ceramic coatings. 


Ceramic Coating 
ncreases Life of 


By Wilson G. Hubbell 
Chief Metallurgist 
Ryan Aeronautical Co. 
San Diego, Calif. 


Such ceramic 
already been formulated and stud- 
ied by the National 


Standards. Considerable laboratory 


coatings had 
Bureau of 


work, sponsored by the National 
Advisory Committee for Aeronau- 
lies, has indicated their protective 
power.* test showed that the 
coating known as Bureau of Stand- 
ards No. A-417 is not affected by 
thermal shock as encountered in 
exhaust system service al any tem- 
perature between —75 and 1700°F. 
It will also stand a surprising 
amount of mechanical impact without sustain- 
ing damage. 

In order to obtain the most useful test data, 
Ryan Aeronautical Co. manufactured a number 
of exhaust system components only of 
ceramic coated 19-0DL but also of a variety of 
uncoated alloys, and arranged with Pan-Ameri- 
can World Airways tor them to be used on the 
engines of Boeing 377 Stratocruisers in trans- 
Pacific service. These aircraft: were selected 
offered the best) combination ol 
Their 


four 3500-hp. Pratt and Whitney engines are 


because they 
advantages desired in the experiments. 


the largest piston-twpe engines, and the trans- 
Pacific Night developed the maximum test hours 
per month due to the long distances flown. 
The components chosen 
for these flight tests were the 
“headers” which channel the 
hot gases from the cylinders 
to the collector ring, and are 
the hottest part of the exhaust 
system. The test headers were 
removed from the engines al 
specified intervals, returned to Ryan for metal- 
lurgical examination, and later replaced. 


CERAMIC COATING 


deseribes 


Standards 
coating A-417 as consisting of 70 parts by weight 


Bureau of 
of Frit 331, 30 parts of chromic oxide, 5 parts 
of enameling clay.-and 48 parts of water. Frit 
331, in turn, is 380 SiO, 6.50 BLO. 44% Bad, 
CaO, 5% ZnO and 2.5% BeO. The coating 
is milled to a fineness where only 04 g. remains 


Technical Note 2380 1951) 
entitled “Effectiveness of Ceramic Coatings in 
Reducing Corrosion of Five Heat Resistant Alloys 
by Lead Bromide Vapors”, by Dwight G. Moore and 
Mary A. Mason of National Bureau of Standards, 
says that “ceramic coatings are being used success 
fully for exhaust stacks on patrol bombers and for 
(See p. 166.) 


the heat exchangers on heavy bombers”. 
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on a 200-mesh sieve from a 50-cu.cm. sample of 
slip. Enough water is added to make a slip of 
1.8 specific gravity; the parts are cleaned, 
dipped in the slip, drained, and fired at 1850° F. 

Since the ceramic coatings made in this way 
are extremely thin, from 0.001 to 0.002 in. in 
thickness, the weight increase is small, amount- 
ing to 2% on 0.065-in. gage. In application, it is 
simpler to apply thin coatings than thick, and 
the control of thin coatings is more or less 
automatic when the slip has the correct dilution. 
Heavier coatings tend to spall after firing. 

arts coated with this ceramic will stand 
an amazing amount of rough treatment, so that 
handling does not constitute a problem. For 
example, if realignment of a coated part is 
necessary it may be placed in jigs, rubber mal- 
lets can be used, alignment jacks and heat may 
be applied all without chipping, crazing or 
other damage to the coating. 

Thermal Shock Test--A_ special test was 
conducted to ascertain the thermal shock resist- 
ance of the A-417 ceramic coating, as applied 
to the Ryan exhaust system headers: 

First Run: Specimens were cooled 18 
hr. to —75° F. with dry ice in a refrigerator 
and then heated rapidly with a gas burner 
to 1700° F, 

Second Run: Cooled to —70° F. for 4 
hr. and then heated to 1500° F. 

Third Run: Cooled to —70° F. for 19 
hr. and then heated to 1600° F. 

One hot specimen from each of the above 
test runs was dropped 6 ft. to a concrete floor; 
it was dropped again when cold. Handling time 
was limited to 10 sec. After all tests there were 
no cracks, chips or other damage to the coating. 

Consequently, it may be concluded that this 
ceramic coating stands up under severe shock 
induced by extreme temperature changes and is 
not susceptible to mechanical damage at extreme 
temperatures, 


SERVICE TESIS 


For the tests, Ryan production departments 
fabricated exhaust headers of the following 
material all in 0.043-in. gage and labeled each 
by nameplates attached: 


19-9DL stainless steel* with ceramic 
coatings on both interior and exterior. 
19-9DL_ stainless steel with ceramic 
coatings on interior only. 
19-9DL stainless steel. uncoated (three 
control headers). 
17-14 CuMo,* uncoated. 
Modified Type 310.* uncoated. 
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Type 310* stainless steel with colum- 
bium, uncoated. 

Inconel X,* uncoated. 
N-155,* uncoated. 
Hastelloy C,* uncoated. 


Tests before and after service consisted of 
metallographic examinations, spectrographic 
analyses, microhardness readings and dial gage 
micrometer measurements. All headers were 
installed on the same cylinder banks of the 
Pratt and Whitney engines, namely, row B. 
Test headers were removed from the aircraft at 
intervals of approximately 650 and 1000 hr., 
and finally between 1234 and 1623 hr. The 
wear bands of each header were sawed off, test 
samples were taken from the header bodies at 
the hottest areas adjacent to the wear bands, 
new wear bands were welded on, and the test 
headers were returned to service. 

All 19-9DL test headers were removed after 
650 hr. on P.A.A. Stratocruisers, and brought to 
the Ryan Development Laboratories for exami- 
nation. Ceramic coated headers were compared 
with those which were not coated. It was found 
that the ceramic coatings had prevented oxida- 
tion, carbon absorption and corrosion attack, 
and had consequently protected the headers 
successfully. For the first time in Ryan expe- 
rience, an examination of exhaust header sec- 
tions with 650-hr. service disclosed no signs of 
deterioration. 

Specific details of the examinations follow 

19-9DL-— No reduction in gage thickness 
was found in the header coated on both sides. 
Some reduction (0.003 in.), due to scaling on 
the exterior, was found in the header coated 
on the interior only. The wholly uncoated 
header was reduced in thickness by 0.008 in. 

Figure 1B (see p. 89), taken from metal at 
the hot zone, interior, of the header coated on 
both sides, shows a definite white layer immedi- 
ately under the ceramic material. This metal 
has been decarburized. Figure 1A, a ceramic 
coated header not tested, does not exhibit this 


*Type analyses are as follows: 

19-9DL —- 67 Fe, 19 Cr, 9 Ni, 1.3 Mo, 1.2 W, 0.7 
Si, 0.6 Mn, 0.3 Cb, 0.3 C, 0.2 Ti. 

17-14 CuMo—- 60 Fe, 17 Cr, 14 Ni, 3 Cu. 3 Mo, 
1.0 Mn, 0.5 Si, 0.5 Cb, 0.3 Ti, 0.10 €. 

Modified Type 310 —- 52 Fe, 25 Cr, 20 Ni, 1.3 Mn, 
0.5 Si, 0.06 C. 

Type 310 Cb—— Above with 1.0 Cb. 

Inconel X ‘70 Ni, 15 Cr, 7 Fe, 2.5 Ti, 1.0 Ch, 
0.7 Al, 0.65 Mn, <0.50 Si, 0.2 Cu, 0.08 C. 

N-155 — 27 Fe, 21 Cr, 21 Co, 21 Ni, 3.2 Mo, 
W, 1.5 Mn, 1.2 Cb, 0.7 Si, 0.14 N, 0.10 €. 

Hastelloy C — 58.5 Ni, 16.5 Mo, 14.5 Cr, 5.5 Fe, 
1.5 W, 0.3 0.15 
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Fig. 1A Metal Beneath 
Ceramic Coating Before Test 


Fig. 1B 


Fig. 1A, B and C- 


Interior of Header; White Fig. 1C 
Layer Under Ceramic After 650 Hr. 


Exterior of Un- 
coated Header After 1269 Hr. 


19-9DL in Exhaust Headers, Before and After 


Test, Protected and Bare. Etched with glyceregia; magnified 200 


characteristic. Therefore, deearburization is 
the result of conditions experienced in opera- 
tion. Figure 1B also shows that sigma constitu- 
ent (particles with a light tone) has formed in 
the chromium-nickel solid solution during its 
long stay at high temperature. 

The ceramic coatings have protected the 
surfaces. The interior of this header was very 
smooth. The original green color of the ceramic 
coating had changed to black. Spectrographie 
analysis indicated that this black coating con- 
tained the same ingredients as the original green 
coating — showing that the ceramic material 
had not been removed but merely changed in 
appearance. 

Examination of the exterior of the 19-9DL 
header, which was coated only on the interior, 
revealed that thin “roots” of oxide have pene- 
trated the metal about 0.002 in. Otherwise, 
there was no observable change from Fig. 1A. 


Microhardness tests of a sample similar to 
Fig. 1B gave readings of Rockwell C-20.5 at 
about 0.0005 in. below the surface, and an aver- 
age interior hardness of C-25.0. The header 
coated on both sides averaged C-19.1 hard at the 
surface and C-23.5 in its interior. 

Observation and experience in the Ryan. 


Development Laboratories have shown that 
much of the deterioration of unprotected head- 
ers has been due to carbon absorption, with 
resultant surface embrittlement. In all previous 
examinations of exhaust headers after 650 hr. 
of service, there has been a definite increase in 
carbon content at the surface, and much oxide 


penetration into the microstructure. Ceramic 


enameling prevents this carbon absorption, elim- 
inates oxidation and inhibits corrosion, thus 
extending the life of such components. 

Figure 1C, taken of an uncoated 19-9DL 
header after 1269 hr., shows a typical salt-and- 
pepper structure of carbide and sigma which is 
characteristic of the alloy after 400 hr. of serv- 
ice life. There is some oxide penetration at the 
surface, and a moderate build-up on the surface. 
Aside from the tendency to absorb carbon, the 
time factor makes very little change in the gen- 
eral structure of this material. 

Spectrographic analyses of the test headers 
which were coated with ceramics showed that 
the ceramic coatings were still present after 
1234 hr., protecting the surfaces from oxidation. 
The exterior surface of the header coated only 
on the interior with ceramic had some oxide 
present, although excessive deterioration had 
not vet been encountered. 

Type 310 With Columbium - | The test header 
fabricated from Type 310 stainless steel with 
columbium added seemed to be in better condi- 
tion than the other uncoated headers after 1368 
hr. of test because there was little evidence of 
oxidation. Figure 2 shows a slight tendency 
toward decarburization this uncoated 
header. There has been no grain boundary pre- 
cipitation. However, there are large islands of 
sigma interspersed with small particles of car- 
bide. The sigma formation is not continuous 
and wili probably leave the material in a rela- 
tively ductile condition, similar to 19-9DL. It 
is interesting to note that the sigma particles in 
19-9DL are smaller; compare Fig. 1C and Fig. 2. 
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Fig. 2 Type 310 Ch, Uneoated, After 1368 Hr. Fig. 4 Overaged Inconel X After 1385 Hr. Mate- 
Carbide and sigma particles; slight decarburiza- rial at face and nearby grain boundaries is altered 
tion; no oxide. Etehed with glyceregia; 200% by gain or loss of some normal constituent. 100% 


Modified Type 310 The hottest area, inte- Inconel X Figure 4 was taken of the 


\fter 1623 Hr. in Test. Deep oxide penetration on tion of extreme overage together with coarse 
surface. Grains contain sigma particles. 100% 


rior of such a header after 1098 hr. in test, has Inconel X header after 1385 hr. in test. Some 
very large grains outlined with continuous car- intergranular penetration was probably caused 
hides. There is also some spheroidal sigma at by corrosion at the altered grain boundaries, 
the grain boundaries. Within the grains, both Where some constituents are either added or 
spheroidal and needle sigma’ have formed. lost. The inner structure is in a severely over- 
Oxide has begun to penetrate at the grain aged condition. The exterior presents a smooth 
; boundaries at the surface. appearance with very little oxidation. 
HastelloyC Microstructure of the Hastelloy 
| Fig. 3-- Modified Type 310 Stainless, Uncoated, C header after 1234 hr. in test shows a condi- 


granular precipitate along the grain boundaries. 
This has made the material extremely brittle. 
On a bend test, it fractured without taking a 
permanent set, which demonstrates complete 
absence of ductility. This brittleness made it 


necessary to stop further service testing, even 
though a new wear band could have success- 


fully been welded to the part. Upon parting the 


Fig. 5 (A) Erosion Inside Header Caused by 
Gases After 1234-Hr. Service. (B) Spontaneous 
erack started from dormant oxidized notch 


Later examination of the header, after 1623 
hr. in test, indicates a progressively deeper grain 
boundary penetration due to oxidation and cor- 
rosion. Figure 3 exhibits this trend. There is 
also a heavier development of sigma along the 
grain boundaries (together with the carbides). 
Other areas show even more severe cases and 
greater depths of penetration along grain 
boundaries. In all) probability, such material 
would exhibit brittleness in a bend test. 
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Original Structure 


the 
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Fig. GA, BL and 


wear band from the header to obtain a metal- 
lographic specimen, the part cracked sponta- 
neously, as shown in Fig. 5B. This crack started 
from a defect which had existed under the wear 
band but was in a dormant state and completely 
filled with oxide. In addition, erosion had set 
in adjacent to the weld seam in the hottest 
part of the header, as shown in Fig. 5A. 

17-14 CuMo~ The test header fabricated 
from 17-14 CuMo alloy was removed from serv- 
ice after 472 hr. because of excessive thinning, 
due to intergranular corrosion at the surface 
of the material and to high-temperature 
oxidation. 

The wear band had a thickness of 0.064 in. 
where least affected, and measured from 0.082 
in. down to a knife edge at the area most 
affected. The body of the stamping had a 
thickness of 0.036 in. at the coolest: operating 
portion and thickness of 0.030) in. where 
impingement of hot exhaust gases appeared to 
be greatest. At the edge of the top of the weld 
seam, a measurement of 0.032 in. was obtained 
and .', of an inch away from the weld, 0.027 in. 
was the thickness. 

Figures 6A, B and € are selected from a 
microstructural study of this part. Figure 64 
is the original structure, free from grain bound- 
ary precipitates. Figure 6B shows an advanced 
condition of intergranular corrosion the 
hottest operating area of the wear band. Figure 
6C, taken at the hottest operating area where 
the exhaust gas impinged, shows heavy carbide 


. Oxide Penetration 


Microstructure of Test Header 
Deeply Corroded at Hottest Spot After 472 Hr. in Test. Glyceregia etch; magnified 200% 


Carbide Precipitation 


Made of 17-14 CuMo Which Was 


with oxide 
penetration, and intergranular attack along 
grain boundaries at the surface. 

It was apparent that the test header fabri- 
eated of 17-14 CuMo does not have the ability 
to withstand the high temperatures at which 
this part operates; oxidation and carbide pre- 
cipitation lead to rapid deterioration. It is sel- 
dom that intergranular corrosion is observed in 


precipitation, carbon absorption 


parts designed for conducting gases at elevated 

temperatures. Most usable materials, even 

though containing high percentages of unstabi- 

lized carbon, develop a tightly adherent film 
(Continued on p. 166) 


Fig. 7 Inside Surface of N-155 After 1098 
Hr. in Test. Note white surface layer, precipi 
tation at grain boundaries, and particles of 
secondary phase (or phases) within the grains 
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acct loads in the draft gear of a long 
freight train may possibly represent the 
worst impact in peacetime equipment, but 
they are mild compared to what happens 
when armor is hit by a high velocity shell, 
a shaped charge, or resists the detonation 
of an explosive plastered on. Werner 
Goldsmith, ina well-received lecture before 
the Golden Gate Chapter, &@, outlines some 
of the methods used by mathematicians to 
predict the location and size of the maxi- 
mum stresses within the metal — methods 
that yield results broadly verified experi- 
mentally -by ultra high-speed photography. 
As a byproduct of these researches, a more 
useful type of impact test than the Charpy 
or Izod may confidently be expected. 


The subject of shock propagation in engi- 
neering materials, with particular emphasis on 
metals, is intimately connected with the design 
of structures and machine components. As 
such, it is of considerable interest to the engi- 
neer Who must perform the design calculations, 
as well as to the metallurgist who supplies the 
empirical data that are required to evaluate the 
strength and resistance of these materials. 

Prior to the last decade, 
almost all stress analysis and 
property determination was 
based on the condition of 
static loading, that is, the 
gradual application in- 
definite sustaining of external 
forces. Two other methods of load application 
were recognized — namely, reversed or alternat- 
ing loads, such as occur in a rotating shaft 
centrally loaded, and rapid or impact loads. 
However, the difficulties involved in the analysis 
of these were so formidable that they have only 
recently been resolved in part. 

Shock loading represents the exact opposite 
of static loading and consists of the instanta- 
neous application of an external force to a 
structural member. In practice neither extreme 
is ever achieved, and thus one deals in all cases 
with more or less rapid loading which in the 
METAL PROGRESS; PAGE 


92 


Shock Wave Propagation 


By Werner Goldsmith 


Assistant Professor of Engineering Design 
University of California 
Berkeley, Calif. 


limit approaches the respec- 
tive characteristic behaviors 
cited previously. Luckily, 
most instances of slow load 
application deviate negligi- 
bly from ideal static loading, 
while fairly rapidly occur- 
ring phenomena exhibit 
many features analogous to 
those of shock loading. IH 
is difficult to assign specific dividing line 
between the two regimes; an arbitrary boundary 
is frequently postulated in terms of initially 
applied strain rate such that the first’ marked 
deviations occur in the expected stress-strain 
curve of the material when this value is first 
exceeded. A representative quantitative figure 
for such strain rates for metals might run from 
about 50 to 200 in. per in. per see. 

Examples of impact loading would include 
automobile collisions or airplane crashes and 
the following engineering applications: Drop 
forging, lathe and milling operations, braking 
action for any moving system, blast loading, a 
projectile striking a target, and contact explo- 
sions. The latter is a good example of one of 
the most rapidly applied types of loading and 
will be discussed later in more detail. 


TWO FUNDAMENTAL DOMAINS 


The proper analysis of impact loading 
requires an understanding of two separate yet 
interrelated domains: The material's properties 
under dynamic loading, and the transmission 
phenomena associated with such collisions. We 
have made some progress toward a solution of 
the problem in both 
areas, but a long and 
arduous road still lies 
ahead before com- 
plete evaluation of 
them can be achieved. 

The stress-strain 
curve for any material is equivalent to the 
“equation of state” required in analogous prob- 
lems in hydrodynamics and aerodynamics. 
Variation of the rapidity of load application 
may be recognized by an additional parameter 

the strain rate. The use of this term is quite 
limited, since it has been shown that the final 
strain distribution, and consequently the strain 
rate, in specimens subjected to tensile or com- 
pressive impact tests is quite nonuniform, due 
to propagation effects of the shock; this makes 
the analysis quite difficult. Despite this and 
other limitations, use of the strain rate param- 
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eter will be made in this exposition as a matter 
ef convenience. 

The normal static tensile stress-strain curve 
for a representative material, such as mild steel, 
is shown by the bottom graph in Fig. 1. Points 
A and B represent, respectively, the upper and 
lower yield points, while BC is the region of 
strain hardening and D denotes the ultimate 
strength of the material. Top graph in Fig. 1 
qualitatively represents the effects of strain rate 
on the stress-strain curve, showing an apparent 
increase in the resistance of the medium with 
increased rate of load application. This phe- 
nomenon is generally known as the “speed 
effect”. It should be emphasized that the vari- 
ous materials react differently to this speed 
effect, some indicating negligible or no variation 
with speed, and others exhibiting even slight 
reductions (rather than larger increases) in the 
vield stresses and ultimate strengths. It should 
be further stated that the analyses of the various 
impact tests frequently neglect phenomena 
associated with the transmission of stress within 
the test piece, casting considerable doubt on the 
validity of dynamic stress-strain curves, so that 
many investigators have preferred to rely on 
the static stress-strain curve for the examina- 
tion of impact processes until the dynamic 
properties of various engineering materials have 
been more firmly established. 


USE OF IMPACT TESTS 


In this connection, it might be stated that 
cognizance of the variation of material behavior 
led to early attempts to evalate this effect under 
impact conditions. The Izod and Charpy 
notched-bar impact tests have been used to pro- 
vide a criterion for the applicability of various 
materials subjected to impact loading. How- 
ever, While some valuable information resulted 
from the use of these tests, they do not provide 
the dynamic stress-strain curve required for the 
analysis of impact phenomena, and the “energy 
to fracture” or “impact value” obtained by these 
techniques only provides a relative scale for the 
various materials rather than an absolute cri- 
terion of dynamic behavior.* Furthermore, the 
stress concentration present, due to existence of 
the notch, completely obscures the variation of 
the metal in its resistance to dynamic effects. 

*Eprron’s Footnore: Doubts as to the utility of 
conventional impact tests have long been held 
by practicing metallurgists. See, for example, the 
article, “How Accurate Is the Impact Test?”, by the 
Metallurgical and Research Committee of the Forg- 
ing Manufacturers Assoc., p. 69 of this issue. 


Transmission phenomena are generally 
analyzed by standard equations involving the 
conservation of mass, momentum and energy 
It is generally assumed that metals are incom- 
pressible so that their density remains constant. 


&4 
¢3 
€2 
/ Curve Speed of Loading 
&€4 = 1/000 In. per in. per Sec 
€3 * 500 In per in. per Sec 
2 2. 100 In perin. per Sec 
€i = O In perin. per Sec 
o 
A 


Strain, €, In. per In. 


Fig. 1 Tensile Stress-Strain Curves for Mild 
Steel Under Static Loading (Bottom) and Dy- 
namic Loading (Top) When Strength Increases 
With Increase in the Rate of Load Application 


The process of impact produces in the two 
colliding members a wave or a series of waves 
which propagate from the point ef contact both 
along the surface and toward the interior of the 
two bodies with certain characteristic velocities, 
depending upon the pressure amplitude. These 
leave behind a state of strain and a residual 
particle velocity that is dependent upon the 
stress-strain curve of the material. With blast 
or explosive loading, and in certain types of 
impact loading, this wave propagation need only 
be considered for the structure or machine com- 
ponent of interest. 

Reflections of these waves occur both at 
free and fixed surfaces of the material, at 
changes of cross section, and at changes in the 
material itself. These superimpose themselves 
upon the incident wave, and the resulting com- 
plex stress system will then act on the metal. 
These effects, as well as those associated with 
the rapid drop in intensity of load which 
usually occurs, introduce considerable compli- 
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eations in the analysis. The magnitude of 
reflected and transmitted waves is computed 
from the boundary conditions (a/ in which no 
stress can be experienced at a free end and (6b) 
a fixed end wherein no particle velocity can 
exist. Intermediate instances of change ol 
cross-sectional area are treated similarly. 


TYPES OF WAVES PRODUCED BY IMPACT 


The possible types of waves resulting from 
impact loading are waves of compression, rare- 
faction (tensile waves). shear, bending, and two 
types of surface waves. The latter two cate- 
gories introduce unwarranted complexities and 
will be excluded from the present discussion (as 
will torsional waves which undoubtedly must 
evist, but have vet not been fully described). 
Compressive waves are generated in a medium 
when, for example, it is struck by an explosive 
blast, while tensile waves are generated when a 
wire fixed at one end is suddenly pulled by 
means of a falling weight. Shear waves are 
always produced when a tensile or compressive 
wave strikes a bounding surface obliquely or 
passes through a point of change of material or 
through a change of cross-sectional area. 

Compressive, tensile 


und shear waves are rep- 


resented in Fig. 2. with an Ce 
appropriate) external im- vu 
pact load producing a 

wave (which is repre 
sented exponentially a 


bar with a fixed end. The 


| 
Compressive Wave 
compressive wave travels 


v 
with velocity ¢ correspond- Fy 
ing to a maximum stress 

and induces behind it 

v 

a particle velocity a in the 


sume direction the 
direction of wave propaga- 
tion. Whenever the stress- 


| 
a 
aa 
E 
Ss 
|/ 
O Strain, €, In. per In. 0 Strain, y, Radian 
Radian 


Fig. 3 Idealized Stress-Strain Curves for Use 
in Computing Velocity of Wave Propagation 
of Tensile, Compressive and Shear Impacts 


The velocity of wave propagation ¢ in 
tension and compression, and a in shear, and 
the induced particle velocities a and v may be 
computed to a good first approximation trom 
the respective stress-strain curves for tension, 
compression and shear for an idealized material 
approximating that of many actual metals. 
This is shown in Fig. 8.) (A yield point cannot 
be incorporated as this would involve a negative 
value for the velocity of wave propagation, 
which is physically impossible. In an actual 
material this difficulty is obviated by a discon- 
tinuous jump between two points of the stress- 
strain curve.) These 
velocities are given by the 
following relations: 


1 do 
Ve de 
A 
fe propagation velocity) 


Silo 
cde 
fe) oO c 


(particle velocity) 


Tensile Wave 


for tension and compres- 


sion, while for shear waves 
in i drt 

max. a 

| Ve dy 


(propagation velocity) 


strain curves tension Shear Wave 
and compression may be Fig. 2 Experimental Representation of v ady 
assumed as identical a Compressive, Tensile and Shear Waves 


wave of equal stress am- 

plitude will propagate with the same velocity in 
tension as compression, but the particle 
velocity induced behind the wave front is oppo- 
site to the direction of wave propagation. A 
shear wave will travel continuously from = one 
edge of the bar to the other, leaving behind a 
particle velocity which also changes direction 
continuously along the bar, but is always per- 
pendicular to the mean direction of wave 
propagation. 
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particle velocity). 
It the materials exhibit: proportional limits, as 
indicated in Fig. 3, the propagation velocities 
within the elastic region are constant, so that 
the first and third of these equations become 
E 
c 
Noe 
1G 
a 
Ne 


where E represents the modulus of elasticity in 


‘ 
4 
| 
| 
| 
| | 
if 


tension and compression, and G 
the modulus of elasticity in shear. 
The permanent strain existing at 
any point of the bar may be 
obtained from the stress-strain 
curve at the appropriate local 
maximum stress, 

Since any impact load is 


applied only for a finite duration, 
removal of the load will initiate 
the propagation of an unloading — Fig. 4 
wave which will travel along the 

bar in a manner similar to a tension or rare- 
faction wave. It has been found that whereas 
the loading occurs along the stress-strain curve 
to the required maximum stress (along line OC 
of Fig. 3), the unloading wave will travel along 
the line CD, which is parallel to the maximum 
slope of the stress-strain curve (or, as in the 
present situation, parallel to the elastic region). 
Thus, the unloading wave travels with velocity 
c, (the velocity of elastic waves) which, from 
the first equation and the assumed stress-strain 
curve, may be recognized as the fastest propa- 
gation velocity possible in a metal. Therefore, 
correspondingly higher stresses will propagate 
at slower velocities in a material having a con- 
tinuous coneave downward stress-strain curve 
beyond the elastic limit. 

As a consequence of this discussion, Fig. 4 
illustrates the effect of an unloading wave when 
a bar has been loaded by a square pulse of 
duration 6, shown at time t= 0. 
in the elastic region, below the proportional 
limit P at stress o, 


The stresses 


propagate at the elastic 
velocity ¢,, as in the case for the 
unloading wave, while the stresses in the plastic 
region lag behind. At time t — t., the unloading 
wave has effectively caught up with the mavi- 
mum stress; beyond this point it proceeds to cut 


constant 


off the upper portion of the pulse, so that posi- 


tions beyond that corresponding to time t= t, 
never experience the maximum stress to which 
the bar was subjected. Furthermore, at time 
t= t, the catching up of the release wave with 
the peak stress wave results in a generation of 


/ 
A 


/ 
447 


~ 
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Spherical Expansion of a Shock Wave When 
Elastic Limit Is Not Exceeded 


O Strain, ft, In, per tn. 


Effect of Unloading Wave on Bar Loaded by Square Pulse 


a secondary wave which further complicates the 
stress pattern. At infinite time the wave in the 
bar would be reduced entirely to a pulse with 
an amplitude equal to the proportional limit. 
This example demonstrates one reason for the 
existence of a highly nonuniform strain distri- 
bution in a 
loading. 
This simple model of propagation of stress 


member subjected to impulsive 


and strain under impact conditions is essen- 
since the 
waves have been assumed to propagate along a 


tially a one-dimensional concept, 


bar whose cross-sectional dimensions are small 
compared with its length, 
it is necessary to consider three-dimensional 


In most actual cases 


expansion of these waves in a spherical pattern. 
Under these circumstances, the amplitude of 
any such wave is attenuated due to dilatation, 
whether or not its initial peak stress exceeded 
the elastic limit. Such a condition, in which the 
elastic limit has not been exceeded, is graphically 
A condition of this kind 
has not yet been quantitatively analyzed, and 


represented in Fig. 5. 


consequently most theoretical comparisons for 
impact conditions are based on one-dimensional 
considerations, 

Consider now the case of reflection of a 
compression wave from a tree end, as illus- 
trated in Fig. 6. Initially, at the instant of 
reaching the free end, the compression wave 
will generate a tensile reflected wave of equal 
magnitude in order to satisfy the condition of 
zero stress at the free surface, but without a 
tail, Upon passing through the interface, the 

compressive wave will continue to 
generate the tail of the tensile re- 
flected wave which, in the meantime, 
will propagate back into the medium. 
The material itself will experience the 
effect of the sum of the two waves, 
shown in the second diagram of Fig. 6. 
portion of the stress 
diagram will be of tensile nature, 
since here the tail of the compression 


The forward 
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wave will combine with the 


head of the reflected tensile 
wave which has «a higher A 


stress. In the rear portion 
the inverse of this will take 
place. Finally, the compres- 
sive wave will have passed 


@@O (Reflected) 


in its entirety through the 
interface and the resulting 
stress condition in the bar 


will be entirely of tensile 
nature. 
John Rinehart of the 


tion, Inyokern, Calif., has 
applied this analysis to metal 
cylinders subjected to a contact explosion. With 
a sufficient quantity of explosive, the cylinders 
exhibited a pronounced bulge at the free surface 
which, upon sectioning, yielded an extremely 
brittle failure with pronounced cracks normal 
to the direction of wave propagation. The first 
and most severe crack had a_ characteristic 
thickness, and the assumption of a likely shock 
wave profile permitted the calculation of a ten- 
sile stress in the superposed wave pattern at 
which the metal failed. Additional fissures can 
likewise be explained in terms of further reflec- 
tions resulting in superposed tensile waves in 
excess of the dynamic ultimate tensile stress of 
the material, since, of course, these metals cannot 
fail in pure compression. 


PARTICLE MEASUREMENTS 


The particle velocity that is induced by 
the shock wave at the free end has been meas- 
ured by metal disks of the thickness of these 
scabs inserted loosely into a hole drilled into the 
cylinder. Ideally, these pellets should be ejected 
from the bore with the velocity of the particles 
at the successive free edges. Their actual veloc- 
ity can be measured readily by means of high- 
speed photography and the stress computed by 
theoretical considerations. In spite of the limi- 
tations of the analysis and some possibilities 
of interference of surface effects at the interface 
between the pellets and the cylinder, good agree- 
ment has been obtained between the stresses so 
determined and published data concerning the 
ultimate tensile strength of the metals employed. 

In order to obtain more accurate informa- 
tion concerning the particle velocity at the free 
surface of such a cylinder, an optical technique 
has been devised which records the time history 
of the surface distortion (and thus particle 
velocity) of such cylinders by an extremely 
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Naval Ordnance Testing Sta- Fig. 6 Reflection of a Com- 
pressive Wave From a Free End 


high-speed camera. The tech- 
nique will yield also’ the 
velocity of expansion of the 
wave across the surface and 
Tension this can readily be converted 
into the propagation velocity 


Compression 
@ (Incident) Wave 


Wa 
- of the wave. It has also been 
suggested that the free surface 
Superposed pressures might be measured 
Wave 


by means of piezo-electric 
gages of barium titanate, 
which would then complete 
the measurement of variables 
required for a complete re- 
construction of the shock 
process. With the use of 
eylinders of various thicknesses, the shock 
process can be extrapolated into the interior of 
the eyvlinder, and the measurements will then 
provide a sound basis for the initiation and 
comparison of a three-dimensional shock prop- 
agation theory for various metals. 

Experiments employing the internal deto- 
nation of hollow eylinders also result in fissures 
and cracks which can be rationalized in terms 
of maximum normal tensile stresses by theo- 
retical considerations similar to those explained 
above. The striking of projectiles and_ their 
possible subsequent penetration are a further 
interesting application of this type of analysis. 

In conclusion, | would like to state that the 
possibilities of exploiting the concepts of shock 
propagation in metals are limitless, both with 
respect to industrial and military applications. 
It will be necessary to obtain indisputable data 
concerning the properties of various materials 
under dynamic conditions and to further 
develop shock propagation theories in order to 
take account of attenuation due to expansion, 
as well as obtain a solution to the more complex 
reflections involving the action of both shear 
and surface waves. 
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How VANADIUM improves engineering 
Steels and helps conserve critical alloys 


In these critical times when many 
alloying materials are scarce, you may be 
able to use vanadium to good advantage. 
Steels alloyed with vanadium meet most 
of the mechanical specifications for low 
alloy engineering and structural steels. 
In fact, vanadium can often be used in 
engineering steels to replace at least part. 
if not all, of certain alloys now in critical 
supply. 

The metallurgy of vanadium is well 
known. Small additions of vanadium 
0.10 to 0.30 per cent—can be used effec 
tively to give steel extra strength, tough 
ness, and resistance to fatigue and wear. 
It improves engineering steels by increas- 
ing their vield strength without sacrific- 
ing ductility. The uniformly fine grain 
size of vanadium-bearing steels makes 
them tough and resistant to abrasion, 
fatigue, and impact. 

Better Mechanical Properties 

In the following table are typical 
analyses for carbon-vanadium and chro 
mium-vanadium steels that are suitable 
for most applications where low-alloy, 


erties of the vanadium-bearing steels. 


from 0.10 to 0.25 per cent, refines the 


Fig. 1 Vanadium increases the 
strength, toughness, and wear resis 
tance of engineering steels for many 
machine parts, such as this large crank 
shaft. 


high-strength steels are required. The | 
carbon-vanadium steel is compared with | 
plain-carbon steel; and the chromium 
vanadium steel, with chromium-molyh 
denum steel. Note the excellent prop 


Improves Cast Iron 
A small addition of vanadium, usually 


Properties of Vanadium Steels Compared With Other Engineering Steels 
Carbon- Chromium- Chromium- 
Molybd 

Typical Analysis, % Steel Steel Steel Steel 
Vanadium _ 0.16 _ 0.16 
Carbon 0.50 0.49 0.50 0.50 
Manganese 0.71 0.77 0.80 0.79 
Silicon 0.19 0.15 0.30 0.31 
Chromium 0.95 | 0.98 
Annealed and 
Furnace-Cooled 
Tensile Strength, psi 90,600 100,000 100,000 99,500 
Yield Point, psi 48,900 66,000 50,000 64,100 
Elongation in 2 in., % 23.3 25.0 23.0 28.4 
Reduction of Area, % 37.8 49.1 45.0 59.0 
Izod Impact, ft.-Ib. 13.5 26.0 17.0 44.0 
Quenched and Tempered 
Tensile Strength, psi 134,900 134,500 232,000 232,800 
Yield Point, psi 110,800 128,000 214,500 224,200 
Elongation in 2 in., % 18.3 18.3 10.0 10.4 
Reduction of Areo, % 54.1 56.6 39.0 43.1 
Izod Impact, ft.-Ib. 54.0 65.0 12.0 12.0 


grain of cast iron, and materially in 
creases its strength and hardness. More- 
over, vanadium may be used in cast iron 
to replace at least part, if not all, of cer 
tain alloys that are now in short supply. 


Vanadium in Rimmed Steel 
An addition of approximately 1 Ib. of 
vanadium per ton of steel produces non 
aging characteristics in a rimmed steel 
These non aging properties, toge ther 
with improved deep-drawing character 
istics and the good surface inherent in 
rimmed steels, make these steels of par 

ticular interest at the present time 


Grades of Ferrovanadium 
Evectromert produces ferrovanadium 
50 to §5 per cent vani idium 
for the production of vanadium-bearing 
steels and irons. The alloy is produced 
in three gr ides with maximum 


50, oF 3.00 per cent carbon and mani 


Fig 2--Steel and iron castings treated 
with small additions « f vanadium have 
high ductility and greater toughness 


md impact resistance 


mum 1.50, 2.00, and 8 per cent sili 
con, respectively. Each grade is specially 
adapted to fill the different requirements 
os iron- and steel-making 
Write for a copy of the booklet, “Exec 
rromet Products and Service which 
gives helpful information about the use of 
ferrovanadium and other 
alloving metals that 
Execrromer supplies. The 


booklet may be obtained 
from any ELectromet 
ofhce: in Birmingham, 


Chicago, Cleveland, De- 

troit, Los Angeles, New 

York, Pittsburgh, or San 

Francisco. In Canada: 
¥ Welland, Ontario 


The term “Electromet” is a registered trade 
nark of Union Carbide and Carbon Corporation 
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Oliver Smalley 


Oxiven SMALLEY @, one of the 
early workers in the manufacture 
of basic electric steel and manu- 
facture of steel direct from iron 
ore, Started his career at the age 
of 23 as director of the labora- 
tories of Messrs. W. G. Armstrong 
Whitworth & Co.. England. Dur- 
ing his 12 vears with the company 
he also managed the foundry’s 
steel works and metal recovery 
department, and began a long list 
of contributions to many techni- 
cal and scientific societies, cover- 
ing his researches on foundry, 
chemical and metallurgical sub- 
jects. In 1925 Mr. Smalley 
to America where, because of their 
parallel interest in the develop- 
ment of high-strength cast iron, 
he joined forces with Augustus F. 
Meehan of Chattanooga, Tenn., to 
form the Meehanite Metal Corp. 
At the present time, besides being 
president of this corporation, Mr. 
Smalley is operating foundry ac- 
tivities in some 24 countries and 


came 


directs associate research organi- 
zations in America, London, South 
Africa, Australia, and New Zea- 
land. Under his direction these 
organizations have published over 
550 reports on original researches 
aud investigations in chemical and 
metallurgical fields, iron and steel 
manufacture, and foundry prac- 
tices. He has made a number of 
discoveries in the use of rare 
metals, in the manufacture of 
superior cast irons, and in metal- 
lurgical and foundry processes. 


Harold L. Maxwell 


Hanotp L. Maxwet, re- 
cently elected vice-president of the 
American Society for Testing 
Materials, pioneered the use of the 
austenitic stainless steels for the 
construction of process equipment 
used in the chemical industry. His 
work in this field is responsible 
to a great extent for the standard 
specifications of today, and he has 
contributed much to the present- 
day knowledge of these alloys. His 
Ph.D. degree is in chemical engi- 
neering and chemistry from lowa 
State College. He spent the first 
four years of his professional 
career as associate professor of 
chemical engineering at Purdue 
University. In 1930 he became 
consulting metallurgist with the 
E. I. duPont de Nemours & Co., 
and after three years with the 
ammonia department, he organ- 
ized a research group at the Du- 
Pont Experimental Station at Wil- 
mington, Del., to work on materials 
of construction, directing this ex- 
panding group until 1946. He has 
participated in the activities of 
many scientific and engineering 
societies, and encourages young 
professional men to affiliate with 
technical societies to supplement 
their professional training. He is 
currently supervisor of approxi- 
mately 60 consultants in the Du- 
Pont engineering department, and 
participates actively in the engi- 
neering phases of development, 
design, construction, and mainte- 
nance of chemical plants. 


Eric Gregory @ has completed 


three years of research work in 


England on the effect of internal 


oxidation on high-temperature 


properties of certain silver alloys 
and has been awarded an Economic 
Cooperation Administration schol- 
arship to study production tech- 
nology of high-temperature mate- 
rials in America. 


Warner N. Pierson ©, resident 
engineer with the Norge Division 
of Borg-Warner Corp., Chattanooga, 
Tenn., for the past five vears, has 
recently accepted position as 
metallurgist on guided missile de- 
velopment at the Redstone Arsenal, 
Huntsville, Ala. 


T. L. MeClintock © has been 
transferred from the New Ken- 
sington (Pa.) Works of the Alu- 
minum Co. of America to the 
company’s central Metallurgical 
Division, Pittsburgh, as staff metal- 
lurgist. 


Richard R. Brady @ has accepted 
a position as plant metallurgist for 
Steel Shot Producers, Inc., Butler, 
Pa., a subsidiary of the Pittsburgh 
Crushed Steel Co. 


H. F. Walker &, formerly plant 
metallurgist at General Motors 
Corp.'s Transmission Division, 
Muncie, Ind., is now chief metal- 
lurgist in the engineering division 
at the Chevrolet Aviation Engine 
Plant, Tonawanda, N. Y. 


Elliott Willner @, who gradu- 
ated from the Montana School of 
Mines last June, is now working 
as a trainee at the Federated 
Metals Division, American Smelting 
& Refining Co., Whiting, Ind. 


Donald A. Cogley & has taken a 
position as metallurgical assistant 
at Timken Roller Bearing Co., Can- 
ton, Ohio. 


R. M. Dyke ©. formerly active 
in technical-vocation education in 
British Columbia and Alberta, has 
joined the editorial staff of Machine 
Production magazine, Toronto, 
Ont.. as associate editor. 


Robert B. Boswell @ has been 
appointed supervisor of chemical 
and metallurgical laboratories of 
the new Chrysler Tank Engine 
Plant, New Orleans. He was for- 
merly a research metallurgist at 
the Chrysler Corp.’s Central Engi- 
neering Division, Highland Park, 
Mich. 
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Diamond surfacing machine in the Edes plant, producing a perfect 
surface on a Revere Copper Sheet. 


Charts showing typical surfaces. Top, ordinary copper plate. Bottom, a 
diamond-finished Edes plate. It takes fine copper to produce this result. 


e One of the country’s best-known suppliers of copper 
plates for photoengraving is The Edes Manufacturing 
Company, Plymouth, Mass. Edes has developed a patented 
process that is unique for giving plates the final polish. 
They are surfaced with diamond cutters, specially cut and 
ground. The plates thus produced and shipped to photo- 
engravers have an accuracy of plus or minus .00025 inch, 
practically dead flat and true to gauge at any point within 
these limits. Obviously, only exceptional copper will do. 


Making copper sheets for this service is an exacting 
process. The metal as supplied by Revere must be specially 
handled in the mill to make sure there are neither surface 
nor imbedded imperfections, since a pin-point defect in 
the finished plate will show in printing. 


Revere has always taken a deep interest in the graphic 
arts, not only because the industry is a good market for 


copper, but also because Paul Revere himself was a skilled 
engraver on copper. Thus it is likely that the original 
plates for this advertisement were of Revere Copper, and 
also many of the plates used by the magazines you read. 
In addition, Revere supplies copper rolls for rotogravure, 
the comics, and for textile printing. For fine copper for 
graphic processes, consult Revere. 


REVERE 


COPPER AND BRASS on 
Founded by Paul Revere in 1801 
230 Park York 17, 
Mills: Bohimere, Chicago lL; Detroit, Los Angeles 
and Riverside, Calif; New Bedford, Mass.; Rome, 
Sales Ofhces in Principal Cities, Distributors F LD oe 


SEE “MEET THE PRESS” ON NBC TELEVISION EVERY SUNDAY 
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Personals 


George Stern @ and Richard P. 
Seelig © have been elected vice- 
presidents of the American Electro 


E. Russell Meyer @ has recently 
transferred from his position as 
assistant chief inspector at the 
Caterpillar Tractor Co., Peoria, IL, 
to that of manager of quality, 
Eureka Williams Corp., Blooming- 
ton, Tl. 


The American Welding Society, 


New York, has recently made the 
following announcements: 


Robert S. Green ©, associate 


professor and chairman of the de- 


partment of welding engineering 
at Ohio State University, Colum- 


Metal Corp., Yonkers, N. Y. 


bus, has been elected a director of 
the A.W.S. 
Alexci P. Maradudin ©, metal- 
lurgist and materials engineer, . 
Standard Oil Co. of Calif., has 


Richard E. Grace &. a June 
completed a special Air Force as- graduate of Purdue University, has 
signment, has taken a position as enrolled as ai graduate student 
consulting research metallurgist in the department of metallurgy, 
Institute Fechnology, been elected vice-president, West- 
Pittsburgh, where he also holds ern District, of the A.W.S. 

the position of research assistant. I. O. Oehler @, director of 
metallurgy and research, American 
Welding & Manufacturing Co., has 
been elected a director-at-large of 
the A.W.S. 

Ernest F. Nippes @ and John N. 
Ramsey © have been selected the 
winners of the first prize for their 
paper “Spot Welding of Sealy 
Heavy Gage Structural Steel”. This 
prize is for the best papers from a 
university source. Dr. Nippes, with 
co-authors J. M. Gerken @ and 
J. G. Maciora &, also won the 
second prize for the paper “The 
Projection Welding of 0.010 and 
0.020 in. Steel Sheet”. 

T. B. Jefferson ©, editor of the 
Welding Engineer and the Welding 
Encyclopedia, MeGraw-Hill publi- 
cations, has been elected  vice- 
president of the Mid-Western Dis- 
trict of A.W.S. 

W. H. Bruckner ©, research as- 
sociate professor of metallurgical 
engineering, University of Illinois, 
received the 1951 Lincoln Gold 
Medal awarded by the A.W.S. an- 
nually to the author of the paper 
judged to be the greatest contri- 
bution to the advancement and use 
of welding for the vear. 

Eric R. Seabloom ©, supervisor 
of field engineering, Crane Co., 
Chicago, has been elected second 
WRITE FOR BULLETIN S1-49 vice-president of the A.W.S. for 


"MARVEL" Pluays had the edge! 

r Donald C. Taylor @ and Clee O. 
Worden © have been appointed 
assistants to the sales managers of 


Fred Stirbl who recently 


associated with the research and 
development department, Arma 
Corp., Brooklyn. 


LARGE HOLES 


... thru any machineable 
material up to 1% inches thick! 


Here is a premium tool which makes it pos- 
sible to saw holes in one short operation 
. .. large holes which heretofore had to be 
laboriously machined ‘‘a-chip-at-a-time.” 


MARVEL High-Speed-Edge Hole Saws have strength to 
withstand the terrific peripheral strains of heavy duty opera- 
tion in lathes, drill presses or portable power tools. They have 
a high speed steel cutting edge which is electrically welded 
to a tough, alloy steel body, high speed steel pilot drills 
heavy hexagonal shanked arbors and sufficient set for deep 
drilling They are self-aligning, as the larger diameter saws 
float on their arbors and are driven by double drive pins. They 
wil] saw round holes accurately in any machineable material 

MARVEL High Speed-Edge Hole Saws come in sizes, 
from *." to 4 They are carried in stock by leading indus- 
tral distributors 


tool steels and machinery steels, 
respectively, by the Horace T. 
Potts Co., Philadelphia. 


ARMSTRONG-BLUM MFG. CO. 


The Hock Sow People 


5700 Bloomingdale Avenue 


Chicago 39, U. S. A. 


Edward Epremian @ has been 
employed as liaison metallurgist 
with the London Branch, Office of 
Naval Research, Schenectady, since 
his graduation from Carnegie In- 
stitute of Technology last June. 


J. H. Roach &, formerly located 
at the Tulsa, Okla., oflice of Bab- 
cock & Wileox Tube Co., has been 
transferred to the Houston, Tex., 
office and named sales 
nianager, 


assistant 
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Kodak 


TRADE-MARK 


Photography helps analyze 
what's in the bottle 


In identifying hydrocarbons in petroleum products by 
mass spectrometry, the Research and Development Lab- 
oratory of the Atlantic Refining Company runs as many 
as 60 samples a day. 

This high speed output of data is typical of what hap- 
pens when photography is put to work. 

As the ion-accelerating field is varied in synchronism 
with the travel of a strip of Kodak Linagraph 809 Paper, 
light beams from four moving-mirror galvanometers 
swiftly trace out the concentration of each molecular 
species received at the collecting slit. If a strong kick 
throws one beam off the scale, the adjacent galvanometer 


next lower in sensitivity catches it. No beam interferes Sumy 

with another. Thus a range of 1 to 3000 is accurately in 

covered on a single record that's sharp, clear, and easy oe e 

to read. 
If you have an instrument-recording problem, it will ‘ 

pay you to investigate how photography can simplify it. ke & 


Eastman Kodak Company, Industrial Photographic Divi- 
sion, Rochester 4, N. Y. a ie 


PHOTORECORDING 


... @n important function of photography 
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Personals 


George W. Frick @ was recently 
appointed assistant sales manager 
for Latrobe Electric Steel 
Latrobe, Pa. 


Andrew E. St. John @ has been 
elected vice-president and treasurer 
of Alloys and Products Ine., New 
York. In addition to his official 
duties he will be in charge of the 
company’s manufacturing opera- 
tions. 


William C. Blakely @ has been 
employed by the Ohio Ferro-Alloys 
Corp., Pasadena, Calif., as a sales 
representative. 


Solomon Musikant ©, formerly 
with the Sandia Corp., Albuquer- 
que, N. M., has accepted a position 
as head of the development division 
with the Vibradamp Corp., Los 
Angeles. 


V.H. Gallichotte & has accepted 
a position as design engineer of 
electronic equipment for the Sierra 
Electronic Corp., San Carlos, Calif. 


OFFICINE GALILEO 


Since 1875 Pioneers 


IF you compare for 


Quality, Features, Price, 


in the Development of 


INSTRUMENTS for RESEARCH and CONTROL 


Delivery, vou will agree that these 


instruments are tops in their field 


Superficial 


@ OPTICAL COMPARATORS: 


strain in structures 


@ METAL POLISHERS: Ff. 


microscopic examimation 


@ ALSO, a 
Microscope s 


complete line of 


Imported and serviced by: 
Opplem Company, inc. 
352 Fourth Avenue 
New York 10, N.Y. 


@ HARDNESS TESTERS: ()ptical reading 


@ UNIVERSAL RESEARCH METALLOGRAPH: Continuous 


photographs on roll film at high 


@ MECHANICAL EXTENSOMETER: | 


Poolmakers, 


For Rockwell, Brinell and 


Measure, compare and photograph 


magni 


fication 4X to 3000X. The most complete research unit for every 
phase of microscopy 
@ PORTABLE METALLOGRAPH: Small portable unit that takes 


or low magnification 


or the measurement of clastic 


unitormity preparing specimens tor 


Lathe and Stereoscoy 


Write for detailed information on the 
items in which you are interested 


Midwest area: 
Metallurgical Instrument Co. 
2454 W. 38th Street 
Chicago 32, Illinois 
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M. N. Ornitz @ and R. C. Enke 
@ have been appointed works man- 
ager and general superintendent, 
respectively, of National Alloy 
Steel, division of Blaw-Knox Co., 
Blawnox, Pa. 


Harry Schwartzbart ©, research 
metallurgist for the National Ad- 
visory Committee for Aeronautics, 
Cleveland, since 1948, has been ap- 
pointed a research metallurgist in 
the metals research department at 
Armour Research Foundation of 
Illinois Institute of Technology, 
Chicago. 


M. L. Killgallon @ has recently 
been transferred to the Berry Divi- 
sion of Oliver Iron and Steel Corp.. 
Corinth, Miss., where he is plant 
manager. 


Hugo R. Larson &, who received 
his Ph.D. degree from Massachu- 
setts Institute of Technology in 
September, is presently located in 
Sweden doing research work under 
a M.LT. grant. 


Nathaniel B. Green @ has been 
transferred from the Los Angeles 
Division to the Columbus (Ohio) 
Division of North American Avia- 
tion Inc., where he is assistant 
laboratory director in charge of 
processing in the production de- 
velopment laboratory. 


Walter W. Koenig © has re- 
cently taken a position in General 
Electric Co.'s Turbine Division, 
Schenectady. 


Richard A. Weaver © has re- 
cently taken a job as assistant to 
the production metallurgist at 
Cleveland Twist Drill Co., Cleve- 
land. 


W. J. Riley @. formerly quality 
control engineer at the Canadian 
General Electric Co. (Montreal 
Works) has been appointed divi- 
sion engineer of the Refrigerator 
Division, Montreal. 


Willis L. Schalliol @ has been 
made head of the research and 
development group in the metal- 
lurgy section at General Electric 
Co.'s Hanford Works, Richland, 
Wash. 


Robert A. Roth @ is now em- 
ploved as a field engineer in the 
photo products department, E. I. 
du Pont de Nemours & Co., Ine., 
Parlin, N. J. 


Melvin A. Buettner & has been 
employed by the National Lead 
Co., Fredericktown, Mo., since his 
graduation from Missouri School 
of Mines in June. 
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How many 
men on 


a surgeon's 


0, the team we have in mind, more than you can count. And none 
of them is a doctor! 


Were talking about the team that produced this surgical knife blade handle, 
made by the Christy Surgical Company of Cincinnati, and used by surgeons 

throughout the world. Both the surgeons who use it, and Christy who makes it 
have very definite ideas about the properties of the metal from which it’s made. 


Surgeons demand that it be strong, lest it bend or break. The manufacturer 
demands that it be easy to fabricate, machine readily, be easy to finish 
and polish and that its precision blade-slot wear well. 


In the past these handles have been made from brass castings, wrought brass 
and stainless steel. None of these met every requirement. Now they're 
hot-forged from ANACONDA Nickel Silver. 


We stress the fact that ANAconDA Nickel Silver was chosen because its 
superior forging qualities permit fabrication with progressive dies to the close 
tolerances demanded. 


We should like you to know that, on any product you may make of ANacoNDA 
Nickel Silver, Copper or other Copper Alloys, we are as concerned with 
suggesting the best manufacturmg procedure as well as helping you develop 
the best product. un 


ANACON DA .-::. name to remember in 


For technical assistance of any 
kind, or for a copy of Publication 
B-28 which provides detailed in- 
formation on ANACONDA Metals 
and Metal Products, just write to 
The American Brass Company, 
Waterbury 20, Connecticut. In 
Canada: Anaconda American Brass 
Ltd., New Toronto, Ontario, 


NICKEL SILVER 


and special shapes 


sheets wire rods e tubes 
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A jet turbine stator section fabricated of cobalt 


base alloy and AISI 310 stainless steel, 
brazed with NICROBRAZ. 


New corrosion resistant alloy brazes 
stainless steel for 2000° F. service 


CoLtmonoy NICROBRAZ is a heat and corrosion resistant nickel- 
chrome alloy, developed primarily for brazing stainless steels and 
special alloys. It has these highly desirable qualities: 


NICROBRAZ resists high heat. A 
NICROBRAZ joint in a stainless steel 
assembly has a tensile strength equal 
to that of the parent metal while the 
assembly is operating at 2000° F. This 
quality ranks NICROBRAZ above any 
other known material for brazing parts 
for service in the high temperatures of 
modern aeronautical power plants. 


»> 


Previously cast, this fuel injection nozzle support 
assembly is now stamped (right) of $ 590 stainless 
alloy and then brazed (left) with NICROBRAZ. 


Heat exchanger is made up of five corrugated 
and six flat sheets of 316 stainless steel, O10" thick. 
Brazed with NICROBRAZ in one operation. 


Mercury bulb and tube assembly. Tube is .032" 
stainless steel with .006" I.D. hole. Five joints brazed 
in one operation with NICROBRAZ. 
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NICROBRAZ resists oxidation and 
corrosion. It is extremely resistant 
to the action of most chemicals and 
retains its physical properties under 
oxidizing conditions. Previously, for 
lack of a corrosion resistant brazing 
alloy, many stainless steel assemblies 
have been machined from the solid, or 
welded or assembled by mechanical 
means. With Nuicropraz they'll be 
made more easily and at less cost. 
NICROBRAZ will change design thinking 
in many industries, such as: aeronau- 
tical, automotive, food, dairy, pharma- 
ceutical, nuclear energy, control instru- 
ments, chemical, and oil refining 


NICROBRAZ is available as a powder or 
in strip and shim stock. It flows readily 
at 2100° F. in a pure dry hydrogen 
atmosphere, and will penetrate a con- 
tact joint by capillary action. When 
brazing stainless steels, a stable new 
alloy is formed by the NiIcRoBRAz 
alloying with the parent metal. Its 
ductility, strength, and corrosion re- 
sistance is then about the same as that 
of the parent metal and it has a much 
higher melting point then the original 
NICROBRAZ. 


Wall Colmonoy Corporation maintains 
a plant at Detroit with the equipment 
necessary for the development and pro- 
duction of stainless steel joining oper- 
ations utilizing Nicropraz. Bright 
annealing, bright hardening, complete 
heat treating, and the brazing of stain- 
less steel and other alloys can also be 
processed in our plant. 


For more information contact Wall 
Colmonoy Corporation, 19345 John R 
Street, Detroit 3, Michigan. 


Branches; Long Island City, Buffalo, 
Chicago, Houston, Los Angeles, Montreal. 


WALL 


HARD FACING ALLOYS 
\ 19065 JOHN DETROIT 3, MICHIGAN 


Personals 


Warren M. Parris ©, formerly 
employed as a metallurgist with 
the Climax Molybdenum Co., De- 
troit, has taken a position with 
Battelle Memorial Institute, Colum- 
bus, Ohio, in the same capacity. 


Paul M. Winslow ©, formerly 
resident chief metallurgist of the 
Des Moines (lowa) plant, Solar 
Aircraft Co., is now chief metal- 
lurgist for the Harvill Corp., Los 
Angeles. 


J. R. Hamilton @ has been made 
senior service metallurgist for the 
railroad materials and commercial 
forgings department, U. S. Steel 
Co., Chicago. 


James W. Aittama ©, formerly 
plant meta!lurgist at the Wisconsin 
Axle Division of Timken-Detroit 
Axle Co., is now chief metallurgist 
for the Johnson Motors Corp., 
Waukegan, IL 


Earl M. Mitchell @ recently 
started the Mitchell Smelting and 
Refining Co., Botsford, Conn., for 
the production of brass and bronze 
ingot metal for the foundry trade. 


Jay Bland ©, formerly senior 
welding engineer in the metallur- 
gical laboratory, New York Naval 
Shipyard, Brooklyn, is now senior 
project engineer in the engineering 
research department, Materials 
Division, Chicago, Standard Oil Co. 
of Indiana. 


Kenneth L. Kojola © has been 
employed as a materials engineer 
at the U. S. Naval Gun Factory, 
Washington, D. C., since his grad- 
uation from Michigan College of 
Mining and Technology in June. 


Raymond A. Robic © has re- 
cently been appointed council co- 
ordinator of small industries for 
the Quebec district in the Depart- 
ment of Defense Production, Can- 
ada. He will retain his position as 
director of the firm of Marion & 
Marion, patent attorneys. 


James D. Bean @ has taken a 
position as assistant plant metal- 
lurgist at the John Deere Ottumwa 
Works in Ottumwa, Iowa. He was 
formerly associated with Deere & 
Co.. Moline, TL. 


James H. Keeler @, who re- 
cently finished his work at Penn- 
syilvania State College, is now con- 
nected with General Electric Co.'s 
Research Laboratory, Schenectady, 
as a research associate. 
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The widespread use of N-A-X HIGH-TENSILE steel in 
transportation equipment emphasizes two vital 
characteristics of this high-strength low-alloy steel. 


1. Strength with less deadweight. N-A-X HIGH- 
TENSILE steel reduces deadweight .. . of great 
importance in transportation equipment and 
military vehicles. 

Exceptional durability. N-A-X HIGH-TENSILE 
steel, with its high strength and toughness, has 
proved greater resistance to fatigue and 
impact at normal and sub-zero temperatures. 
Its inherent structure and composition greatly 
reduce the effects of abrasion and corrosion. 


The response of N-A-X HIGH-TENSILE steel to severe 
cold-forming operations and its excellent weldability by 
electric are or resistance, atomic hydrogen or heliare, and 
all other processes, are added important characteristics 
of N-A-X HIGH-TENSILE steel. 


The “Eager Beaver” 


The use of low-alloy, high- 
strength steels in military equip- 
ment assures longer life with 
less deadweight. 


GREAT LAKES STEEL CORPORATION 


N-A-K Alloy Division Ecorse, Detroit 29, Michigen 
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SEVEN. 
SURE 
WAYS 
T0 


STAINLESS STEEL 


1 Tell your supplier the end use as well as priority rating. 
This saves time. 


2 Order only what stainless you need—to exact size. 
3 Choose an alternate analysis, where possible. 
a Lay out a job for best use of material. Where possible order 


plate items cut to pattern. This keeps offcuts available 
for someone else—which may be you on your next 
requirement. 


5 Plan far enough ahead so your supplier can schedule your 
properly rated order—and make a delivery promise that 
can be met. 


6 Clean out your scrap pile—segregate stainless scrap as 
you accumulate it. Get it back to work. 


7 Recognize the fact that the control of nickel limits the num- 
ber of stainless plates that can be rolled—and that we at 
G. O. Carlson, Inc., like to say “yes” just as you do, but 
we aren't able to as often as we like—even to some of our 
oldest and most cherished customers. 


Stainless steel is our only business . . . and we know it. 


we. 


Stainless Steels Exclusively 
300 Marshalton Road, Thorndale, Pa. 
PLATES e FORGINGS e BILLETS e BARS e SHEETS (No. 1 Finish) 
District Sales Offices and Warehouse Distributors in Principal Cities 
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Carbon Lining for Blast 
Furnaces” 


a YEARS’ EXPERIENCE with car- 
bon refractories in the blast 
furnaces at Appleby-Frothingham 
plants of the United Steel Com- 
panies, Ltd., of England, have shown 
that the many hearth breakouts and 
scaffolding which occurred in these 
furnaces when lined with  high- 
alumina fireclay bricks have been 
corrected. In ten years with carbon 
hearth linings only one breakout 
was encountered; this compared to 
23 breakouts in the previous 14 
vears on the same furnaces with 
fireclay brick hearths. 

The carbon blocks have much 
greater strength at all temperatures 
above 2550° F.; they resist abrasion 
to a greater extent; they are resist- 
ant to chemical attack by the re- 
ducing gases, molten slag and molten 
iron, Whereas the fireclay bricks 
are affected by all of these; they 
have thermal conductivity three 
times greater than fireclay, thus 
giving much more efficient cooling 
in the hearth and bosh sections; 
they are not wetted by molten slag 
and molten iron, which greatly re- 
duces erosion. 

The success of the carbon hearth 
led to a trial in the bosh of two 
furnaces in 1945. Both furnaces 
operated successfully with a 13'2-in. 
earbon brick bosh lining for four 
years and, at the end of the cam- 
paign, there was no deterioration of 
the lining. The high thermal con- 
ductivity, high abrasion resistance 
and nonwetting properties are be- 
lieved to be the main contributing 
factors. Use of carbon blocks in 
hearth and bosh linings is now 
Standard practice on all of the 
company’s 11 blast furnaces. 

A carbon lined tap hole for iron 
gave trouble; it was oxidized by air 
and water during tapping periods. 
This trouble was corrected by in- 
stalling a fireclay iron notch which 
is plugged with fireclay by the 
mud gun after each tap. The stand- 
ard water cooled copper casting set 
into the carbon refractory is entirely 
satisfactory for the slag notch. 

Exploratory installations in the 
upper stack over a period of eight 
years showed that the carbon blocks 
were much superior to fireclay in 
this region, also. Here the resistance 

(Continued on p. 108) 


*Abstract of “The Evolution of 
the All-Carbon Blast Furnace”, by 
J. H. Chesters, G. D. Elliot, and J. 
MacKenzie, Journal of the British 
Iron & Steel Institute, Vol. 167, March 
1951, p. 273. 
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2 BAR 


Eliminates Heat Treating 
Its in-the-bar strength, as received, 
is twice as great as ordinary cold- 
finished steel shafting. 


Eliminates Case Hardening 
Its resistance to wear, as machined, 
is sufficient to replace many heat- 


treated or carburized steels. 


Minimizes Warpage 
Because it is stress-relieved, this 
superior bar assures the user a min- 


imum of distortion. 


Speeds Up Machining 
Has in-the-bar machinability fully 
50°, better than heat-treated alloys 


of the same hardness. 


(Ny 


| 
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Many companies are realizing important savings by using 
Ground and Polished STRESSPROOF bars instead of grinding the 
steel in their own shop. For this superior steel provides precision 
tolerances at a reasonable cost, without tying up valuable labor 
and machinery. 

This all-purpose bar stock is ground to close tolerance and 
highly polished at the LaSalle plant on batteries of modern ma- 
chines — at lower cost than vou can grind it yourself. Furthermore, 
because this versatile steel is stress-relieved, it requires no straight- 
ening after keyseating, journaling, threading, or other machining 
operations. And its four qualities in-the-bar eliminate many other 
costly operations. 

Almost all of today’s Ground and Polished STRESSPROOF 
production is going into defense jobs. However, from time to time, 
some sizes of sample bars may be available for testing purposes. 


1424 150th Street, Hammond, Indiana 
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Blast Cleaning Un 
is PORTABLE! 


Ideal for 
maintenance 
and many 
other jobs, 
including re- 
moval of rust, 
dirt,scale,ete. 


Economically 
) = cleans 


large ob- 
jects like 


tanks, bridges, structural work be- 
fore painting. Six sizes, stationary or 


portable, from. 


aa -$170.00 and up 


DUST 


at the 


look to Pangborn for the lotest developments in Blost Cleaning and Dust Control Equipment 


Blast Cleaning 
Cabinets 
Blast Cleaning 

| Machines 
Unit Dust 

Collectors 
Hydro-Finish 

Cabinets 
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SOURCE! 


Pangborn indus- 
trial type Unit 
Dust Collectors 
trap dust at 
source. Machine 
wear is minimized, 
housekeeping and 
maintenance costs 
reduced. Solves 
many grinding and 
polishing nuisances 
and material 
losses. Models from 


$286.09 and up 


SPEEDS POLISHING! 


PANGBORN CORP., 1800 Pangborn Bivd., Hagerstown, Md. 
Gentlemen: Please send me more information on the equipment 
I've checked at the left. 


Compony...... 
Address........ 


Hydro-Finish 


Removes scale, and 
directional grind- 
ing lines. . . 
prepares sur- 
faces for plating 
and holds toler- 
ancesto .000L”! 
Liquid blast 
reduces costly 
hand cleaning 
and finishing 
of molds, dies, 
tools, etc. 
Models from 


$1295.00 and up 


COMPACT Blast Cabinet 


for SMALL WORK! 


Ideal for pro- 
ducing smooth, 
clean surfaces on 
pieces up to 60” 
x 36” in size. 
Cleans metal 
parts, removes 
rust, scale, grime, 
dirt, paint, etc., 
in a few seconds. 
Saves money all 


year ‘round. Models from $3150 up 


COUPON 
FOR DETAILS 


Carbon Lining for Blast 
Furnaces 


(Continued from p. 106) 
of the carbon blocks to wetting by 
the semimolten materials prevented 
scaffolding, and the lining life was 
improved. Consequently in 1949 one 
furnace was completely lined with 
carbon refractories. This furnace 
had 5 ft. of special keyed shape 
carbon blocks on the hearth bottom, 
hearth side walls with a 2-ft. thick- 
ness of standard shaped = carbon 
bricks surrounded by cooling plates, 
and a bosh lining of 9-in. carbon 
bricks. The stack was lined with 
standard shaped carbon bricks to a 
thickness varying upward from 2 ft. 
at the mantel to 3 ft. at the top. A 
second furnace was built with alli- 
carbon lining in September 1949; it 
was insulated by an outer wall of 
vermiculite brick and powdered ver- 
miculite against the shell. The shell 
temperature was thus reduced to 
about 200° F. 

Both these furnaces have operated 
successfully since blowing-in in 
1947. The first furnace has pro- 
duced a daily average of 12% more 
iron and the second 4° more than 
in previous campaigns, without any 
trouble from scaffolding and break- 
outs, 

In spite of the much higher ini- 
tial cost the economic advantages of 
the carbon bricks are all favorable. 
Some of these are: 

1. Thinner lining with larger 
furnace volume 


No drying out period on new 
lining 

3. Much longer campaign life 

4. Reduction of breakout 
scaffolding troubles 

5. Greater tonnage output 

6. Simpler furnace construction 

These results are based entirely 
on the smelting of lean British ores 
with resultant large slag volumes; 
the advantages claimed may not 
accrue to American furnaces. 


and 


Aging of Al-Cu Alloys* 


HIS PAPER presents the first part 
of a fundamental investigation 
of the aging process in Al-Cu alloys. 
The objectives were: (a) to deter- 
mine aging curves at different tem- 
peratures for alloys with various 
copper contents; and (b) to deduce 
(Continued on p.110) 
*Abstract of “The Aging Char- 
acteristics of Binary Aluminum-Cop- 
per Alloys”, by H. K. Hardy, Journal, 


Institute of Metals, Vol. 79, 1951, p. 
321-369, 
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Read how this Pangborn “LG” ROTOBLAST* Table 


Cuts CLEANING COSTS by $5556°° A YEAR 


That's the story at the Anstice 

Co. in Rochester, N. Y. Their 
Pangborn “LG” ROTOBLAST Table 
shown above has cut labor costs by 
$2540.00 a year—even though ton- 
nage has increased! In addition, 
abrasive costs have been cut by 
$3016.00 a year because ROTO- 
BLAST makes full use of long-lasting 
Malleabrasive grit (it can be used 
for up to 300 passes!) As Ken Proud, 
Foundry Manager sums it up: “We 
are more than satisfied with results!” 


BLAST CLEANING! 


You'll be more than satisfied with 


Strademert of Mangborn Corpuration 


qborn 


with the right equipment for every job 


Pangborn “LG” ROTOBLAST Ta- 
bles too because they're designed for 
fast, low-cost cleaning of intricate 
and fragile work. As shown above 
they clean completely because abra- 
sive is hurled at a 45° angle to the 
work. And uniform cleaning is 


Look to Pangborn for the latest developments 
in Blast Cleaning and Dust Contro/ equipment. 


assured because auxiliary tables re- 
volve castings under blast stream. 


No matter what you clean, Pangborn 
has a standard ROTOBLAST Table 
designed for your job. Included in 
the standard line are Turn-Style 
Tables for bulky castings . . . and 
Table-Rooms for jobbing work. For 
full information on the right Pang- 
born ROTOBLAST Table for your 
job, write to: PANGBORN COR- 
PORATION, 1800 Pangborn Bilvd., 
Hagerstown, Md. 


ROTOBLAST... 


SAVES LABOR with push- 
button operation 

SAVES SPACE because mo- 
chines ore compact 


SAVES TIME by cleaning 


CHEAPER 


BLAST CLEANS 


more loads per doy 

SAVES POWER since no 
compressor is needed 

SAVES TOOLS becouse oll 
scale is removed 


7 
“Ss 
dad \ 
FEMA 


the dental and surgical appliance 
field, hastened by wartime demands, — 
paved the way for eventus! _ 

industrial application. 

Todoy, MICROCASTINGS are in 
forefront of civilien and mili 


and Lt oP the 
production of millions of small parts in 
many fields. And as the requirem 
for the future begin to manifest themselve: 
it is a safe bet that the MICROCAST PROCES 


GET OUR STORY! Write for fully illustrated 16 
page booklet describing the Microcast Process. Speci 
fications, technical information, and a step-by-step 
explanation. Do it today! 


MICROCAST DIVISION 
AUSTENAL LABORATORIES, INC. 
224 East 39th Street © New York 16, New York 
715 East 69th Place e Chicago 37, Illinois 
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Aging of Al-Cu Alloys 


(Continued from p. 108) 
hypotheses to explain the aging 
process. 

High-purity sheet (0.22) in. 
thick) of five Al-Cu alloys with cop- 
per contents of 2.0, 3.0, 3.5, 4.0 and 
4.5°¢ was prepared by cold forging. 
To determine the aging curves, 
small specimens of the cold forged 
sheet were first heat treated at a 
temperature high enough to dis- 
solve all the copper in each of the 
alloys. Following the heat treat- 
ment, the specimens were quenched 
in cold water to form a supersatu- 
rated solid solution of copper in 
aluminum. Within 5 min. after 
heat treatment, the specimens were 
put into the various aging furnaces. 
Specimens from all five alloys were 
aged at 85, 265, 330, 375 and 430° F.; 
specimens from the 4.06 copper 
alloy were also aged at 465° F. The 
course of the precipitation of cop- 
per-rich phases from the super- 
saturated Al-Cu solid solutions was 
determined by making Vickers 
pyramidal-diamond hardness meas- 
urements upon specimens removed 
from the furnaces after periods 
ranging from a few minutes to sev- 
eral hundred days. 

The hardness values for each 
alloy at each temperature were 
plotted against the logarithms of 
the aging periods. The aging 
curves obtained in this way were 
of two types, one termed “single- 
stage”, the other termed “two- 
stage”. During the earlier periods 
of aging, both types of curves re- 
mained nearly flat, reflecting con- 
stant hardness values. After a 
certain period (maximum 18 days, 
but usually only a few minutes or a 
few hours), termed the “incubation 
period”, both types of curves began 
to rise, reflecting the gradual age 
hardening of the = alloys. Each 
single-stage curve rose continuously 
beyond its incubation period, 
reached a peak hardness value and 
then fell continuously. Beyond its 
incubation period, each two-stage 
curve rose continuously, halted al- 
most abruptly and flattened for the 
second time, reached a second in- 
cubation period, rose continuously 
again, reached a peak hardness 
value and then fell) continuously. 
With a few exceptions, the parts of 
the curves up to the peak values 
could be represented reasonably 
well by straight lines. The excep- 
tions probably represented condi- 
tions under which both types of 
curves were obtained simultane- 
(Continued on p. 11%) 
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“EDCO Dowmetal 
BOTTONMNSOARDS 


have resulted in 
tremendous saviny 
for our foundry’ 


... says M. C. Crawford of 


RILEY STOKER CORPORATION ‘ ‘ 


ER 


or 7. 


Rirey STOK 


corporation 
iansen atrick Ave. May 16. 1951 
ino 


Nore Kiip 

Edw. S- Christiansen. Pres. 

Gentlemen 


ta 
due to 


£ Above photo shows molder ct Riley Stoker Corporation 
nis It | placing EDCO Bottom Boord on flask preparatory to press- 
EDCO Dowmetal Bot u ing. EDCO DOWMETAL magnesium boords maintain high 
tremendous ae rejects because the exclusive 
leasure ry tru grooved and vente sign permits escape of sses ond 
P Yours ‘AILEY oO CORPORATION insures mold stability = 


@ 


Sirector of urchases 
Detroit Plan is one of the theee targnet 
Manufacturers of steam generating ead fuel berning 
in the country. [DCO DOWMIETAL Boriam we 
tn the production ef gray tren 
and ctteyed casting components 


Progressive foundry operators, like Riley 
Stoker Corporation, are equipping their 
foundries with EDCO DOWMETAL Bottom 
Boards. 
Made of magnesium, these boards will not 
warp or break. There are no nails to come 
out, nothing to break or split—no upkeep! 
So durable, they can be considered permanent 
equipment. The many advantages from the 
use of these boards are effective immediately 
on their installation. 
Write us or phone CApitol 7-2060 today 
for complete price schedule and list of 74 5 
standard sizes available from stock. Bowed 


gore 


CHRISTIANSEN CORPORATION 


1519 N. KILPATRICK AVE. + CHICAGO 51, ILLINOIS 
ALUMINUM ALLOY INGOTS e ZINC BASE DIE CASTING ALLOYS 
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Dependable performance 
year after year with 


Hoskins © hromel -equipped 


There’s nothing revolutionary about Hoskins 
Furnaces, but you'll find them hard to beat when 
it comes to delivering useful electric heat. And for 
good reason, too. Because every Hoskins Electric 
Furnace is equipped with durable CHROMEL 
heating elements. Long-lasting elements that 
possess close-to-constant “hot” resistance be- 
tween 700° and 2000°F., that deliver full-rated 
power throughout their long and useful life. 
Dependable heating elements designed to give 
you uniform distribution of heat with maximum 
operating efficiency. Important, too, every 
CHROMEL element in every Hoskins furnace is 
formed in such a way as to permit quick and 
easy replacement. 


Take the Hoskins FK Brazing Furnace illustrated 
above, for example. Compactly designed for 


brazing small tools and parts, it’s economical to 
operate ...low in hydrogen and power consump- 
tion, quick on recovery. And it’s equipped with 
heavy-duty reverse “U" type heating units made 
of long-lasting 1” by ,." CHROMEL-A ribbon. 


So next time you're in need of good dependable 
heating equipment, get the facts on Hoskins 
CHROMEL-equipped electric furnaces. Our Cat- 
alog-59R describes the line . . . want a copy? 


TYPE FR-251 
BOX FURNACE 


TYPE FR-206, 207, 208 
BOX FURNACE 


TYPE OR-104 
POT FURNACE 


HOSKINS MANUFACTURING COMPANY 


4445 LAWTON AVE. . 
NEW YORK 


DETROIT 8, MICHIGAN 
CLEVELAND . CHICAGO 
West Coost Representatives in Seattle, San Francisco, los Angeles 


in Caneda: Walker Metal Products, Ltd., Walkerville, Ontario 
® 


*the kel-chromium resistance alloy that first made electrical heating practical 
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LUMINUM 


A SERVICE TO 


LOUISVILLE 1, KY. 


INDUSTRY ON 


NUMBER 6 


NEW MECHANICAL FASTENING METHODS BOOKLET 


Latest Data on Various Types of Mechanical Joints and 
Fasteners Now Available Upon Request 


New Control System Extends 
Electrode Life 20-30 Times 
When Spot Welding Aluminum 


A new system called “slope control”, that 
extends electrode life 20-30 times when spot 
welding aluminum with ordinary alternating 
current welders, has been developed by Gen- 
eral Electric and is recommended by Reynolds 
Metals Company technical staff. 


—T 


The Technical Editorial Service of the Reynolds Metals Company has pro- 
duced a new technical book, “Mechanical Fastening Methods for Aluminum.” 

As stated in the foreword, “In addition to welding, brazing and soldering, a 
wide variety of mechanical fastening methods are used to join assemblies 
involving aluminum parts. This book represents an endeavor to supply the 
designer and manufacturer with data on the various types of mechanical joints 
and mechanical fasteners for use with aluminum.” 


Tip-pressure tracing without (left) 
and with (right) “slope control” 

The new control system restricts the flow of 
welding current during the first few cycles, 
allowing the welding current to build up 
gradually to maximum. This reduces soften- 
ing of metal under the electrode tip, helps 
maintain tip pressures, and holds down tip 
temperatures, thus reducing “sticking” almost 
to the vanishing point. 

In certain oscillograph curves traced during 
the testing of this system, total amount of heat 
produced at electrode tips was seen to be some- 
thing less than one-sixth the usual amount, 
cutting tip temperature rise tremendously. 

For further information on this new system, 
write for your free copy of the Reynolds 
Technical Advisor No. 15. Any engineer, de- 
signer or executive who requests it on busi- 
ness letterhead will be placed on the mailing 
list to receive copies of the “Advisor” as 
issued. 

For assistance on any special production 
problem, call on the trained staff of Reynolds 
Aluminum Specialists ready to help you over- 
come difficulties and obtain maximum benefits 
from your aluminum. Call the Reynolds dis- 
tributor listed under “Aluminum” in your 
classified telephone directory, or write to 
Reynolds Metals Company, 2576 South Third 
Street, Louisville 1, Kentucky. 


Reynolds Building Largest Gas- 
Burning Electric Power Plant 


To supply the tremendous electric power 
requirements in its new 80 million dollar 
aluminum reduction plant at Corpus Christi, 
Texas, the Reynolds Metals Company is in- 
stalling 78 internal combustion engines total- 
ling 256,300 horsepower and driving direct- 
current generators with a total rated output 
of 176,000 kilowatts. Using natural gas for 
fuel, it will be the largest gas-burning engine 
plant so far built anywhere in the world. 


Printed in U.S.A. 


Diagram showing cross-section of 


ethod for 


g with selj-plugging 


blind rivets. This is typical of the many explanatory illustrations found in 
Reynolds newest technical book, “Mechanical Fastening Methods for Aluminum.” 


Containing all you need to know about 
fastening al ponents, this 136- 
page illustrated booklet is a must for your 
desk reference library. Its handy pocket size 
makes it ideal for easy carrying and ready 
accessibility in the shop. 

There are tables of related data for the 
various types of standard rivets, including 
dimensions and number of pieces per pound, 
lengths of rivets for cone-point and button- 
type driven heads, recommended hole sizes 
with shear and bearing areas for both hot and 
cold-driven rivets, and maximum loads for 
single rivet in shear 

You will find in this book answers for your 
questions on standard and special rivets, stand- 
ard and special screw fasteners, nails and pins, 
metal stitching, mechanically formed joints, 
resin bonding and others. 

Illustrated above is an example of one of 
the complete diagrams explaining the method 
of riveting, using self-plugging blind rivets. 

Application of the latest 1951 fastening 
methods like these means increased produc- 
tion capacity and lower costs for every type 
of aluminum assembly. 

The Reynolds Metals Company states in the 
book that they will be glad to grant permis- 


sion to any technical writers to use transcripts 


from the book. Also, technical writers and 
editors may obtain glossy 8 x 10-inch photo- 
prints of any of the book's illustrations. 

For manufacturers or designers having a 
special development problem not covered by 
this book, Reynolds offers the services of its 
trained staff of aluminum specialists. Let them 
show you how to overcome difficulties and set 
up for fast, economical production. For 
prompt service, call the Reynolds field office 7 
listed under “Aluminum” in your classified 
telephone directory. 

(A reprint of the book's riveting section, the 
most important mechanical joining method, 
is available in quantities for disivibution to 
students in schools, colleges and technical 
groups without charge.) 


For your free copy of the valuable 
handbook described above, plus a 
complete index of Reynolds tech- 
nical literature, write on business 
letterhead (otherwise price is 
$1.00) to Reynolds Metals Com- 
pany, 2576 South Third Street, 
Louisville 1, Kentucky. 
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ALUMINUM REPORTER (continued from preceding page) 


Aluminum Pipe Makes Portable 
Sprinkler Irrigation Reality 


Use of portable sprinkler irrigation systems 
on American farms has grown spectacularly 
since 1945. One of the largest factors causing 
this increase has been the tremendous advan- 
tage of aluminum irrigation pipe. 

Extreme portability due to light weight, 
great strength offering high pressure resist- 
ance, plus rust and corrosion resistance . . . 
all these contributed to the demand for alu- 
minum irrigation pipe and made portable 
sprinkler irrigation a reality. 

During the present emergency, aluminum 
pipe of this type is being used as the basic 
component of the “Superbazooka™, the 3.5 
inch rocket-launcher. If you can find a use for 
extruded aluminum tubing in the design of 
your future products, call the Reynolds Alu- 
minum Specialist ... let him work with you 
to assure the maximum benefits of aluminum. 
His development and research skill is backed 
by the experienced staff of the Reynolds Tech- 
nical Service. For further information call the 
Reynolds distributor listed under “Alumi- 
num” in your classified telephone directory. 
Or, write Reynolds Metals Company, 2576 
South Third Street, Louisville 1, Kentucky. 


New Idea for Artists’ Medium 


Swiss experiments indicate that }4-inch alu- 
minum, coated with a porous oxide skin, pro- 
vides a practical and permanent working 
foundation for oil painting. It doesn’t tear, 
split or wrinkle like canvas and takes less 
storage space. The smooth surface paints 
easier, gives more brilliant colors. 


Shippers of Defense Material Find 
—— Protects Like Aluminum Foil 


Keeps Moisture Out — Reynolds 
Plain Aluminum Foil is « positive 
barrier against transmission of 
moisture vapor. In gauges .0015” 
and heavier, it has a zero mois- 
ture-vapor-tramsmission rate. 


Plain Aluminum 
mum conformity 


Cuts Packaging Time — Reynolds 


be packaged. Shapes easily by 
hand. No valuable time lost tying, 
binding or taping. 


Naturally Greaseproef — 
Reynolds Plain Aluminum Foil 
prevents greases on parts from 
drying out or hardening, thereby 
losing their value. Aluminum is 
naturally greaseproof on both sides. 


Foil offers maxi- 
to the object to 


Maintains Top Efficiency In- 


minum Foil does not depend on 
treatments for waterproof quali- 
ties, therefore it is not affected by 
long exposure to dry air or heat. dipping material 
Reynolds Pure Aluminum Foil is particu- 
larly suited as an intimate wrap for parts 
which have large air voids and cannot be 
dipped without undue bubbling. The ease 
with which it conforms to and holds shape 
leaves less “dead air space” in package. 


Aluminum Medical Chest Another Example 


of Reynolds Parts Fabrication Service 
Complete Facilities Help Manufacturers with Military Orders 


Another example of the complete and valu- | 
able service to industry performed by the | 
Reynolds Parts Fabrication Service, these | 


aluminum medical chests are now being pro- | 


duced for the Armed Forces Medical Units. | 
The wide range of facilities available to manu- 


of the many applications of the skill and pro- 


ithe nesting feature of the design prevents 
sliding even when stack is tilted. Gum rubber 
gaskets assure water-proofing. 

Shipping containers like these are only one 


| duction facilities of the Reynolds Parts Fab- 


facturers through the use of this service is | rication Service. This service provides all 
demonstrated by the blanking, drawing, spot- manufacturers with extra assembly lines when 
welding, seam-welding, finishing and other | needed. Through the use of this program, the 
allied operations necessary to produce this | manufacturer is assured of a steady flow of 
type of chest. inspected parts whenever needed and in what- 
Formed of Reynolds .091” Aluminum, these | ever quantities desired. Quotations on alumi- 
chests have reinforced corners and welded | num parts can be furnished to the manufac- 
gasket retaining channels for strength and | turers’ designs and specifications. 
rigidity. Flush mounted hardware allows con- Probably one of the most important features 
tainers to be stacked on any side. Stacked flat, | of the Parts Fabrication Service jis the tre- 


y Non- ptive — No “Spring Back" — Reynolds 
definitely— Reynolds Plain Alu- Reynolds Aluminum Foil does 


Plain Aluminum Foil is “dead 


not absorb dipping compounds as soft” and holds molded contours. 
other barrier materials do. This 
means a direct cash saving on the 


Excellent for parts impractical to 
package by old-fashioned methods 
used. and materials. 


For your copy of the FREE booklet “How, 
Why and When You Should Consider Pro- 
tective Packaging with Aluminum Foil” write 
Reynolds Metals Company, 2576 South Third 
Street, Louisville 1, Kentucky. 


mendous savings in vitally needed scrap . . . 
averaging 30% and often as high as 75%! 

his results in savings on shipping, storing 
and handling charges plus making important 
serap readily available for remelting at the 
mill. On “DO” orders where the allocation is 
in pounds of metal, the manufacturer gets full 
value from his allocation, receiving the exact 
number of parts available from the pounds of 
metal allocat 

For further information on the Parts Fabri- 
cating Service and how it can help your 
production, merely call the Reynolds office 
listed under “Aluminum” in your classified 
telephone directory. Or, write to Reynolds 
Metals Company, 2065 South Ninth Street, 
Louisville 1, Kentucky. 


New Book Tells Complete 
Reynolds Aluminum Story 


A new booklet has been prepared for distri- 
bution to all those interested in modern metal 
developments. This 45-page booklet, “Reynolds 
Aluminum and the company that makes it”, 
is the first complete compilation of the facts 
about the company that did more than any 
other to bring America’s aluminum produc- 
tion up to the point it has reached today. The 
booklet presents the principal operations of 
Reynolds Metals Company under “normal 
conditions” and during the present rearma- 
ment program. 

Profusely illustrated and handsomely 
bound, the booklet is available upon request 
to those writing on business letterhead. Ad- 
dress the Reynolds Metals Company, 2576 
South Third Street, Louisville 1, Kentucky. 
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OR...HOW WE MEET RESTRICTIONS WITH EXPERIENCE 


@ When you face government restrictions on any of the alloy steels you 
have been using, it’s time to draw on the all-inclusive experience of the 
Republic 3-Dimension Metallurgical Service. 


You and your own metallurgists will get expert assistance from the closely- 
coordinated Republic three-man team ... the Field Metallurgist, the 
Laboratory Metallurgist, and the Mill Metallurgist. Their combined experi- 
ence in solving problems of alloys, manufacture and steel processing is 
helping hundreds of alloy steel users make the most of currently available 
specialized steels. 


In spite of the growing restrictions on many alloy steel analyses, you 
probably can switch your production to one of the many alloy steels being 
produced by Republic... world’s largest producer of alloy and stainless steels, 


Which one? ... Ask a Republic Metallurgist. 
REPUBLIC STEEL CORPORATION 
Alloy Steel Division « Massillon, Ohio 


GENERAL OFFICES . CLEVELAND 1, OHIO 
Export Department: Chrysler Building, New York 17,N.Y. 


Other Republic Products include Carbon and Stainless Steels—Sheets, Strip, Plates, Pipe, Bars, Wire, Pig Iron, Bolts and Nuts, Tubing 
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FORMITE 


14% Tungsten 
Hot Work 


FORMITE 
No. 2 


9% Tungsten 
Hot Work 


FIREDIE 


Chromium Molybdenum 
Heat Resisting (H5) 


BUSTER 


Tungsten Shock 
Resisting 


There are Columbia warehouses 
and highly trained Columbia rep- 
resentatives in principal cities. For 
service, for quality, look to Colum- 
bia — producers of fine tool steel 
by the electric process. 


MBIA TOOL STEEL COMPANY 


Main Office & Works—Chicago Heights 4, Ill. 


Aging of Al-Cu Alloys 


(Continued from p. 110) 
ously to some extent. The highest 
peak values were reached by the 
two-stage curves. 

The curves at 85° F. were of the 
two-stage type, except that the 
second incubation period was not 
reached. At 265 °F. clearly defined 
two-stage curves were obtained for 
the 3.5, 4.0, and 4.5% copper alloys. 
A few of the curves at the inter- 
mediate temperatures were combi- 
nations of the two types. The 
remainder of the curves were of 
the single-stage type. 

The single-stage curves were 
favored by high temperatures and 
low degrees of supersaturation. Con- 
versely, the two-stage curves were 
favored by low temperatures and 
high degrees of supersaturation. 

The curves are discussed with 
reference to a recent thermo- 
dynamic analysis of the decomposi- 
tion of supersaturated solid 
solutions (H. K. Hardy, Journal, 
Institute of Metals, Vol. 77, 1950, 
p. 457). Aging in Al-Cu alloys 
involves the formation of four 
copper-rich phases called Guiniee- 
Preston zones (1 and 2}, 6, and 
6. The last two phases are normal 
intermetallic compounds having the 
formula CuAl, but differing in their 
arrangement of aluminum and cop- 
per atoms. 

As a rule, the zones form as 
diserete particles with discontinui- 
ties in lattice structure between 
them and the parent metal. The 
two (Guinier-Preston) zones 
are believed to be extremely thin 
plate-like clusters of segregated 
copper atoms parallel to the cube 
planes of the parent metal. Usu- 
ally, they remain coherent with the 
lattice structure of the parent metal, 
that is, they strain the lattice strue- 
ture of the parent metal without 
breaking away from it and forming 
discontinuities. The G-P zones dif- 
fer from each other in their degrees 
of order of copper atoms. In the 
G-P zone [1 the copper atoms are 
more or less randomly arranged 
while in the G-P zone [2) the atoms 
are arranged in a definite pattern. 
It is known that 6 can be formed 
from 6’, but there is not enough evi- 
dence to show whether G-P zone 

1'—G-P zone (2) 86. 

Aging is believed to occur in the 
following manner: The single-stage 
aging curves result from the forma- 
tion of G-P zone (2) directly from 
the parent metal by a process of 
nucleation and growth, although @’ 

(Continued on p. 116) 
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“it turned the trick for every 
cutting fluid problem in our shop” 


“IN THIS ONE SHOP we 
different metal cutting 


had to do a whole range of 
operations. We couldn't get 
full answers every time from general lubrication 
guides. Guesswork was a threat to production,” the 
superintendent said, “so I finally called in a Cities 
Service Lubrication Engineer.”... What happened 
is this: 

Individual operations were checked and classified. 
Special problems were ear-marked. After full study 
a plan was laid out covering general needs and 
specific tough points. These logical steps—based on 
Cities Service's wide 


experience in such matters 


produced an actual cut in number of lubricants 


CITIES 


needed, without slighting the more difficult opera- 


tions. They aren't so difficult now. The upshot is 


simplified routine — sharply clipped costs — gain in 
productivity, 

Let a Cities Service Lubrication Engineer study 
your operations. His services are free. Products he 
recommends are backed by an unexcelled success 
record in industrial lubrication. Simply write or 
phone the nearest Cities Service office. There is no 


obligation. 


A Complete Line of essential lubricani« 
for the metal working industry. 


CIries Service COMPANY 
Sixty Wall Tower, Room 245 
New York 5, New York 


Fact-filled 

New Booklet 

For the Metol 
Machining Industry 


booklet entitled “Metal Cutting Fluids.” 


Please send me without obligation your new 


Name 
Company 
Address 
City 
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CHEMICALS 


PROCESSES 


of 


coating 
chemicals 


RUST PROOFING 


| 
phosphate 
YOUR PRODUCT 


DURABLE 


| PAINT BONDING 


“GRANODINE”’® forms a zinc-iron 
phosphate-coating bond on sheet metal 
products—automobile bodies and fenders, 
refrigerator cabinets, etc.—for a durable, 
lustrous paint finish. 

“LITHOFORM"”® makes paint stick to 
galvanized iron and other zinc and cad- 
mium surfaces. 
“ALODINE”,® the new ACP protective 
coating chemical for aluminum, anchors 
the paint finish and protects the metal. 


“PERMADINE”,® a zinc phosphate coat- 
ing chemical, forms on steel an oil-adsorp- 
tive coating which bonds rust-inhibiting 
oils such as ““Granoleum.” 
“THERMOIL-GRANODINE”® a manga- 
nese-iron phosphate coating chemical, 
forms on steel a dense crystalline coating 
which, when oiled or painted, inhibits 
corrosion. 


_ PROTECTION FOR 
_ FRICTION SURFACES 


The oiled “THERMOIL-GRANODINE” 
coating on pistons, piston rings, cranks, 
camshafts and other rubbing parts, allows 
safe break-in operation, eliminates metal- 
to-metal contact, maintains lubrication and 
reduces the danger of scuffing, scoring, 
galling, welding and tearing. 


IMPROVED DRAWING 
AND COLD FORMING 


“GRANODRAW’® forms on_ pickled 
surfaces a tightly-bound adherent, zinc- 
iron phosphate coating which facilitates 
the cold mechanical deformation of steel, 
improves drawing, and lengthens die life. 


Send for descriptive folders and Government 
Specifications chart on the above chemicals. 
Write or call for more information on these 
products, and advice on your own metal-work- 
ing problem. 


Pioneering Research and Development Since 1914 


AMERICAN CHEMICAL PAINT COMPANY 


AMBLER, PA. 
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Aging of Al-Cu Alloys 


(Begins on p. 108) 

may be the initial decomposition 
product at a very low degree of 
supersaturation. The initial rise in 
the two-stage aging curves results 
from the formation of G-P zone (1 
The flat’ portion of these curves 
beyond the first incubation period 
is the result of G-P zone (1) in a 
solid solution of metastable equi- 
librium. The higher peak hardness 
values reached by the two-stage 
aging curves result from the pres- 
ence of both G-P zones [1) and (2). 
In forming G-P zone [2), the mech- 
anism requires the dissolution of 
G-P zone (1 In all instances, pro- 
longed aging results in the forma- 
tion of 8 and 6 and the gradual 
softening of the alloy. 

E. H. 


Control Methods for 
Sinter* 


T= MAKING and use of sinter is 

in the state of a rapidly expand- 
ing technology. Furnace results have 
often been disappointing and, in 
general, have not lived up to the 
expectations of several years back. 
At the same time, industry has taken 
little or no advantage of available 
testing methods that would be help- 
ful in defining more clearly the 
properties desirable in good sinter. 
Such data, when correlated to oper- 
ating results, would be valuable in 
promoting more uniform sinter plant 
practice, and more intelligent diag- 
nosis of various conditions resulting 
irom its use in the blast furnace. 
Tests for size, chemical analysis, 
cold strength, hot strength, porosity, 
reducibility and microstructure are 
described briefly. In addition the 
authors give 53 references that ade- 
quately cover the entire field. 

Almost any desired property of 
sinter can be measured by methods 
now in existence. The methods have 
been used mainly on a research la!- 
oratory scale. Adaptation, in most 
instances, will be necessary to make 
these tests suitable for plant work 
and also to accommodate local plant 
conditions. It would be highly de- 
sirable to have standardized test 
methods and procedures for plant-to- 
plant comparisons. One laboratory 
is working on this project. This 

(Continued on p. 118) 

*Abstract of paper, “Testing of 
Sinter”, by E. G. Hill and R. E. 
Powers, presented before the General 
Meeting of American Iron and Steel 
Institute, May 23-24, 1951. 
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¢ Charging end of the 
Stewart Bright Annealing 
Furnace showing blanks 
for P-K self-tapping screws 
coming off the Nichrome* 
conveyor belt made by 
Audubon Wire Cloth Corp. 
Furnace has been in 
continuous operation for 
more than 35,000 hours. 


Discharge end of the 
furnace, at Parker-Kalon 
Corp., New York. Feeding 
is by an automatic elec- 
trically operated loader. 


passes 39,000-hour mark 
in non-stop performance at PARKER-KALON’ 


and it’s stil] 
going strong! 


high annealing and normalizing temperatures, 
and handles a load that P-K's Production Man- 
ager, Harold Rosenberg, modestly describes as 
“substantially in excess of the 500-pounds-per- 
hour rated capacity.” 


The Nichrome* muffle and belt have been 
running at operating temperature for 35,000 
hours, and they have never known a shutdown 
in four years. Yet neither shows any appreciable 
signs of wear or breakdown. And they are 
still going strong. 


Does that make the Parker-Kalon Corp. 
happy? We should say so! Especially when they 
recall how, every year and a half, they used to 
mark time during a two-week shutdown. For 
that’s how often they had to take down their 
annealing furnace to install a new muffle and 
belt. And the cost wasn't the worst of it .. . 
though it was plenty. What really hurt was the 
disruption of production schedules. 


In similar ways, for over 35 years, we have 
been helping manufacturers meet their heat- 


But that’s all history now. Parker-Kalon 
anneals and normalizes its famous P-K self- 
tapping screws, thumb screws, wing nuts, and 
socket screws in a Sunbeam Stewart Bright 
Annealing Furnace equipped with a Nichrome* 
muffle and metal-woven belt. It operates at 


Driver-Harris Company 


HARRISON, 
BRANCHES: Chicago, Detroit, Cleveland, Los Angel 


treating requirements, to speed up operations, 
increase production, and cut costs. If you have 
such a problem, we invite you to consult with 
us. Although the present emergency’s demands 
upon our resources are unprecedented, we shall 
gladly serve you to the limit of our ability. 


is manufactured only by 


NEW JERSEY 
Son Franci 


*T Reg. U. S. Pot. OF. 
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-Sphero-Conica 
Diamond 


A. Minor load penetration 

MAG. x 125 

B. Major load penetration ; 

c. Linear measurement of penetration increase which 
“ROCKWELL” converts to hardness reading 


A Difference of only .00008”! 


A difference of only .00008” in penetration (C” above) 
equals one point of hardness on “ROCKWELL” scale. 


Example: 


“C” equals .00320" at C 60 Rockwell reading 
“C” equals .00312” at C 61 Rockwell reading 


Difference .00008" equals 1 point on Rockwell scale 


A penetration error of 80 millionths of an inch throws hard- 
ness reading off completely. To be SURE, use only "BRALEs” 
which have been tested and approved in WILSON’s STANDARD- 
1ZING LABORATORY. 

Wilson’s Diamond “Brae” Penetrators are precision ground 
under high magnification to assure mathematical and micro- 
scopic accuracy. Each is standardized on many test blocks and 
rigidly inspected before it receives the Wilson stamp of approval. 
The degree of accuracy of “BRALE”’ Penetrators makes them 
highly satisfactory for research laboratory work. 


Write for literature *Trade Mark Registered 


MECHANICAL INSTRUMENT DIVISION 
AMERICAN CHAIN & CABLE 


230-F Park Avenue, New York 17, N. Y. 
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Control Methods for 
Sinter 


(Continued from p. 116) 
paper reviews the present state of 
knowledge so that plants desiring it 
can set up their own tests for con- 
trol purposes. 

The establishment of control tests 
has two aspects: (a) Securing sam- 
ples and (b) making tests. Sampling 
sinter correctly is very difficult. 
Local conditions govern the methods 
necessary and good judgment is the 
only general guide. 

Size — A regular screen test at a 
given point in a plant should serve 
as an indication of strength. Not 
only average size but spread in sizes 
and content of fines is desirable. A 
method useful for comparisons is to 
plot the screen analysis on loga- 
rithmic-probability paper. 

Chemical Analysis — One simple 
chemical analysis which sinter 
plants fail to make is for carbon in 
the fines from the screen test. This 
would be useful as a control method 
for completeness of burning or to 
tell whether fine sizes are the result 
of breakage or incomplete burning. 
Ferrous iron (FeO) is determined 
as a control test at some American 
plants. The FeO content together 
with total iron makes it possible 
to estimate the magnetite content. 
Swedish references continually em- 
phasize the importance of minimum 
magnetite for greatest reducibility. 

A rapid method for fayalite 
(2FeOSiO,) is lacking and might be 
useful. Joseph determined it by re- 
ducing a sample with H, first at 
600° C. and then at 1000° C. Magnet- 
ite is completely reduced at 600°C, 
while fayalite remains unaffected at 
the lower temperature. 

Cold Strength — Several tests are 
cited, including coke drop test, 
crushing, impact crushing, and tum- 
bling with minor variations in 
equipment. 

Hot Strength — Some tests meas- 
ure strength while the sample is 
under simulated blast furnace con- 
ditions, and some after the sample 
has been treated and cooled. 

Porosity — The effect of porosity 
is based on the fundamentals of gas 
contact and penetration. Intergran- 
ular volume, total particle porosity, 
exterior particle porosity and inte- 
rior particle porosity are defined 
and methods for their determination 
described. 

Reducibility — Testing may be 
grouped under two headings: (a) 
Hydrogen, (b) carbon monoxide in 
bosh and blast furnace gases. 

(Continued on p. 120) 
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Nolu.. LATER 


Dowicide industrial germicides and fungicides are bringing 
manufacturers who use soluble-oil emulsions protection 
from bacterial contamination all along the line. Check this 
list of benefits you can derive from the use of Dowicide 
preservatives. 

Dowicide products in soluble-oil emulsions: 


1. Prevent emulsion breakdown with its accompanying oil 
separation and offensive odors. 

2. Prevent the clogging of pipes and screens due to emul- 
sion breakdown in coolant and lubricating systems. 


DOWICIDE 


INDUSTRIAL GERMICIDES AND FUNGICIDES 


THE DOW CHEMICAL COMPANY ¢ MIDLAND, MICHIGAN 


Son Francisco + Los Angeles + Seattle Dow Chemical of Canada, Limited, Toronto, Conade 


3. Extend the service life of the oil emulsions. 


4. Prevent the rusting of machines and parts that may 
result if soluble oils are not kept in good condition. 


5. Save time and money formerly spent in mixing new 
batches of oil emulsions, remachining parts, frequent 
clean-ups. 


If Dowicide preservatives are not already protecting your 
soluble oils from mold and bacteria, phone, wire or write 
Dow today for additional information, 
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PRODUCT OF 
ELECTRO-VOICE INC. 
BUCHANAN, MICHIGAN 


(BOOST. 
YOUR TV 
WITH 


ITS BIMETAL SWITCH 


IS AUTOMATIC 


The Tune-O-Matic, Manufactured 
by Electro-Voice, Incorporated, is an electronic device 
which automatically amplifies your TV signal. It improves 
reception in low signal fringe locations and in prime 
service where an indoor antenna is used. Chace Thermo- 
static Bimetal plays a vital part, providing a reliable and 
completely automatic switch which operates in any position, 
with long life and freedom from buzzing. As the Tune-O- 
Matic is installed out of sight, often upside down in the 
cabinet, dependability is mandatory, and the switch must 
operate without being affected by gravity. 


The Tune-O-Matic is plugged into the 105-120 AC 
outlet and the receiver cord into the booster. Note that the 
thermostatic bimetal element is generally T-shaped, and 
that the free upper end of the inner part of the stem at “A” 
carries the moving contact to the booster circuit. When the 
set is turned on, the current passes from the lead-in connec- 
tion at "B” around the narrow outer part of the stem to 
“C" and so into the receiver receptacle. The resistance 
of the thermostatic bimetal generates heat under this load, 
causing it to deflect away from the high resistivity side of 
the bimetal. Hence, point A,” normally in approximate 
Position shown by dotted lines, deflects down, closing the 
contacts and completing the circuit to the booster in 2 or 3 
seconds. When the set is turned off, the bimetal cools 
ond returns to its original position, breaking the circuit 
automatically. 


Electro-Voice consulted Chace Applications Engineers, 
Specified one of the 29 types available and fabricate from 
strip. Chace also furnishes random lengths and fabricates 
and assembles complete elements to customer specifica- 
tions. Our engineers are ready to assist you in designing 
your own actuating device and our 64-page reference on 
thermostatic bimetal is yours for the asking. 


W.M. CHACE Co. 
Thermostatic Bimetal 


Yo, oe 1626 BEARD AVE., DETROIT 9, MICH. 
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Control Methods for 
Sinter 


(Continued from p. 118) 

Hydrogen was widely used be- 
cause of its availability and its speed 
of reaction. On the other hand if, 
as contended by Hayes and McLeod, 
the rate of gaseous diffusion is one 
of the most important factors influ- 
encing reducibility, then tests with 
furnace gases might minimize the 
effect of one variable in the picture. 

Magnetic Analysis— The Davis 
magnetic tube test is mentioned as 
a possibility for control testing to 
show the extent of oxidation of the 
sinter. 

Microstructure — Results to date 
indicate that examination of the 
microstructure may be a_ valuable 
tool for research purposes. It has 
been shown that “incipient fusion” 
was not the correct mechanism of 
sinter formation because all the 
original ore materials were found to 
be altered. 

At present, sintering plants are 
supplying sinter to the blast fur- 
naces without specifications. This 
results from ignorance of what the 
most desirable properties are for the 
blast furnace. This impasse will 
always be present until measured 
properties of sinter are compared 
with blast furnace operation. Many 
ways can be seen to improve sinter 
and sintering, but until the proper- 
ties of the product can be expressed 
numerically, there is no measure of 
the results of any changes made. 

A. J. Hocu 


Flame Hardening and 
Tempering of Steel* 


I SUAL HEAT TREATMENT METHODS, 
according to the authors, hin- 
der continuous work flow in the 
production of quality and = alloy 
steels. Such hindrance has been 
alleviated to some extent by the in- 
troduction of semi-automatic and 
automatic furnace installations. 
These installations are still compli- 
cated, however, so there has been 
a tendency to perform heat treat- 
ment without the use of furnaces. 
Examples of this approach are the 
heat treatment of stock by making 
use of the rolling and forging heat, 
and surface hardening by induction 
heating and heating with an oxy- 
fuel gas flame. (Continued on p. 122) 

*Abstract of “Flame Hardening 
and Tempering of Steel”, by Hans 
Biihler and Hans Wilhelm Gréne- 
gress, Stahl und Eisen, Vol. 71, March 
29, 1951, p. 343-347. 
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the Pressure Quench... produces 
FLAT high quality Plate 


Continuous, oil or gas fired Roller Hearth Furnaces for hardening and tempering 
‘ both face hardened and homogeneous armor plate. Also Carburizing Furnaces and 


Car Type Furnaces for heat treating. Whatever your specific problem, consult 
DREVER. 
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VENANGO ST... PHILADELPHIA 34, PA 
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use this HEVI DUTY 
Shaker Hearth Furnace 


Hew Duty Shaker Hearth "Furnaces are used to 


bright carburize, bright dry cyanide or bright harden 
these small parts without distortion. Shaker Hearth 
furnaces process up to 150 Ibs. per hour. Case depths 
are accurately controlled, and results are uniform. 
Learn more about this versatile Hevi Duty furnace. 


Write for Culletin HD-85O today. 


HEVI DUTY ELECTRIC COMPANY 
HEAT TREATING FURNACES HEVIeBDUTY ELECTRIC EXCLUSIVELY 


DRY TYPE TRANSFORMERS — CONSTANT CURRENT REGULATORS 
MILWAUKEE 1, WISCONSIN 


METAL 
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Flame Hardening and 
Tempering of Steel 


(Continued from p. 120) 

Surface hardening involves the 
heating and quenching of only a 
thin layer of the piece. Methods 
were explored during the last war 
for annealing, hardening and tem- 
pering with oxy-illuminating gas 
flames, making use of the know!l- 
edge gained in the surface harden- 
ing field. By modification of the 
customary linear and rotational 
procedures for flame and induction 
hardening, pieces up to two to 
three inches in diameter or thick- 
ness can be heated with burners in 
as short a time as in surface hard- 
ening. The piece is then quenched 
in water to harden the entire cross 
section. A coupling arrangement of 
burners and sprays is often con- 
venient. Flame tempering can be 
performed with the same modifica- 
tions. The feature of such methods 
is that they allow complete heat 
treatments without use of paneinens. 

Unalloyed steels with 0.27, 0.34, 
and 0.66 C, as well as alloyed 
steels with 0.20 to 0.49% C, 0.3 to 
1.3% Si, 0.3 to 1.3% Mn, 0 to 1.8% 
Cr, 0 to 0.3% Mo, 0 to 2.7% Ni, and 
0 to 0.2% V, have been hardened 
and tempered with flames. The 
authors report the experimental 
results of such heat treatments of 
these steels. Hardening through the 
entire cross section is possible with 
cross sections up to a maximum 
dimension of 3's in. Working 
methods must be devised, which 
ure suitable to the shape of the 
piece. The workpiece may be prof- 
itably preheated with burners, or 
burner systems, when large cross 
sections are involved. A compari- 
son is given for the flame harden- 
ing, with and without preheating 
to 930° F., of plates of an alloyed 
steel (0.39 C, 1.790 Cr, 0.36 
Ni, V). Plates in. thick 
were hardened through the thick- 
ness when preheating was used, 
but were not hardened quite to 
the center of the thickness when 
preheating was not used. Preheat- 
ing was absolutely necessary to ob- 
tain hardening through most of the 
plates that were 3's in. thick. Plates 
of this thickness hardened only to 
a depth of 0.8 in. when preheating 
was not used. The temperature at- 
tained on the plate surface in the 
latter instance was estimated to be 
1470° F., whereas the temperatures 
attained generally on plate surfaces 
were 1650 to 1830° F. 

The strength properties estab- 

(Continued on p. 124) 
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A-H5... air-hardening 
and easy to machine 


Toolmakers rely on air-hardening tool 
steels to reduce the chances ot eracking 
These 
alse preferred when only the 


tools and dies during hardening 
steels are 
minimum amount of dis yor in heat- 
treatment can be tolerated, Air-hardening 


steels are deep-hardening, ‘and have the 
high pereentage of carbides that is so 
necessary for long wear. 

From the toolmaker’s standpoint, the 
principal objection to some air-hardening 
evrades Is their poorer machinability as 
compared with low-alloy tool steels, And 
that’s why A-HL5 is such a popular steel. 
It offers all the desirable properties of 
air-hardening steels, vet it ean be an 
nealed to 212 Brinell or less. It’s a mighty 
easy steel to machine, especially when 
~ all-around performance is considered, 

isa 


able tor nearly all tool and die jobs. Re- 


general-purpose steel, suit- 
quiring a less drastie quench than stand 
ard oil-hardening grades, it also has 
greater Wear-resistance, reduced distor 
tion in heat-treatment, 
And its cost is on a par with the 
general-purpose, oil-hardening 

A-HD5 is a steel worth looking into if 
you're looking for a safe, long 
tool-and-die grade that doesn't have to 


good shock prop 
erties 


erades 
wearing 


be pampered when it comes to machining 
and heat-treating. 


Typical analysis 
Mon Mo \ 


Loo 60600 025 


Machining air-hardening too! steel causes no head 
aches in this shop because they're using A-H5. This 
user reports long wear and minimum distortion on @ 
wide range of trimming and blanking dies. 


Tool Steel Makes 


Kitchen Sinks, Too 


Here's a man-sized die designed and built 
by A. F. & G. Tool & Die Co., Ine., Balti 
more. Having wearing parts entirely of 
our BTR tool steel, this die is used to 
trim and pierce tive different sizes of 
l4-gage steel kitchen sinks, one of which 


It’s important to remove the outside sur 
face of tool-steel bars, even though por 
tions of this surface do not serve as a 
working surface of the tool or die. 
Higher hardening stresses are set up in 
heat-treating a tool that has any deear- 
burized surtace. 

Equal amounts of stock should be re- 
moved from all sides of a bar. This avoids 


is shown in the foreground. Hardened 
to Rockwell C-56 to 58, this mammoth 
die will see service in a 250-ton press. 

BTR, you know, is our general-purp: 
type of oil-hardening steel. It wears a 
long, long time and distorts very little m 
heat-treatment. Best of all, it’s an eco 
nomical steel that’s easy to machine, easy 
to heat-treat. 


Our Tool Steel Engineer Says: 


Remove the entire surface of tool steel bars 


warpage of the tool during heat-treat 
ment, Sometimes a toolmaker will merely 
“skin” one surface of a flat bar and then, 
in order to arrive at the required thick 
ness, remove all the remainimg steel from 
the other surface. This is bad practice, 
not only because it invites warpage, but 
also beeause it is an incomplete removal 
of decarburization trom the skinned side 
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Bethlehem te Tool Steel 


- 
TEEL COMPANY) BETHRLENEM, FA 
; 
| 
4 
4 
Ff 
| 
\ 


A REGULAR Service OF THE COOPER ALLOY Founory co., J. 


Thnical Topics 


ALLOY TYPE FA-20* 


Norman S. Mott 
Chief Chemist and Metallurgist 


Although FA-20* was originally 
developed for use in hot sulphuric 
acid solutions, its high resistance 
in various media, as well as its 
superior physical properties, has in- 
creased its popularity to the point 
where it 1s presently being supplied 
by our foundry for valves, pump 
units, pipe fittings, and a variety of 
cast shapes used in the chemical, 
textile, paper, plastic and food 
industries. 


FA-20 offers superior resistance, 
as compared with 18-8-SMO, in 
hot strong solutions of calcium or 
magnesium chlorides and aluminum 
sulphate; in dilute solutions of tin, 
zinc, 1ron or mercury chlorides at 
room and slightly elevated temper- 
atures; and in cold dilute solutions 
of sodium or calcium hypochlorite 
It is also superior in sulphur dioxide 
solutions or sprays, in dry chlorine 
gas at ordinary temperatures, wet 
hydrogen sulphide gas, boiling 
sodium or potassium hydroxide so- 
lutions of over 30% concentration, 
acid sludges up to 200° F., and in 
hot vinegar and salt solutions 


In sulphuric acid its use 1s re- 
quired when the concentration ts 
over 40% at room temperature, 10% 
at 175° F. or 0.75% at boiling; and 
it 1s satisfactory in all concentra- 
tions of this acid at temperatures up 
to 175° F., and up to 40% of con- 
centration at boiling. It ts recom- 
mended for boiling phosphoric acid 
when the concentration exceeds 
10%, and for hvdrofluoric acid of 
less than 10% or over 60% strength 
at room temperatures, although 
fair service mav be had at all con- 
centrations 


FA-20 is not recommended for use 
with wet chlorine gas or other wet 
halogens, chloroacetic acid; hot 
strong solutions of copper, iron or 
mercury chlorides; or with molten 
sodium or potassium hydroxides 
Ic is satisfactory for service in nitric 
acid solutions, but for this use it 
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offers no superiority over 18-8-type 
alloy and does not justify the addi- 
tional cost. 


Maximum properties at lowest 
cost are achieved when the alloy is 
cast to the following specifications: 


Carbon 07% Max 
Chromium 20.00% 
Nickel 29.00% 
Copper 4.00% 
Molybdenum 3.50% 
Silicon 1.00% 
Manganese 1.00% 
Tensile Strength 75,000 ps1 
Yield Point 45,000 psi 
Elongation 2” 40% 
Reduction in Area 45% 
Brinell 150 


The nickel content offers good 
resistance to sulphuric acid cor- 
rosion and maintains the copper in 
alloy solution, minimizing the pos- 
sibilitv of its becoming a contam- 
inant in corrosion. Chromium pro- 
vides resistance to nitric acid and 
other oxidizing media, and together 
with the nickel supplies the excel- 
lent mechanical properties of the 
alloy. Molybdenum and copper 
provide for increased sulphuric acid 
corrosion resistance and the molvb- 
denum also increases passivity and 
reduces the tendency to pitting 
The low percentage of carbon ts es- 
sential for resistance to intergranu- 
lar corrosion attack. Silicon and 
manganese are incidental to the 
production of the alloy, and in the 
amounts present provide little in- 
tluence on mechanical or corrosion 
resisting properties 


*Produced under Durimet patents 


Auailalle on request 
Copies of this article printed 
on heavy stock convenient for 
filing are available. Address 
requests to 
Publicity 


Dept., The 
COOPER Cooper Al- 


loy Foundry 
LLOY Co Hil1- 


Side, N. J 


Flame Hardening and 
Tempering of Steel 


(Continued from p. 122) 
lished by the flame heat treatments 
are found to be equivalent to those 
produced by conventional furnace 
heat treatments, or those listed in 
specifications. The hardness de 
crease between the surface and the 
core is more abrupt in flame heat 
treated sections than when = such 
pieces have been heat treated from 
the furnace. Micro and = macro- 
structural investigations confirm 
the practical usefulness of the flame 
procedure. 

Heat treatments were performed 
on steels of bar, tube and plate 
form, as well as girder profiles. 
The advantages of the methods de- 
scribed are the execedingly short 
treatment times compared to the 
lengthy furnace procedures, the low 
installation cost, and the possibil- 
ity of simple conversion of the 
installations to conform with 
change-overs in) manufacture. An 
outstanding advantage is the ease 
of organization of the necessary in- 
stallation into continuous work 
flow, a possibility which does not 
always exist with furnace installa- 
tions. The examples cited show 
that generally the gas consumption 
is lower than in furnace treatment. 
However, the oxygen consumption 
may be regarded as a disadvantage, 
with the exception that wherever 
cheap oxygen is available this dis- 
advantage may be counteracted by 
the advantages mentioned. 

R. W. Linpsay 


Track Time and 
Soaking Pit Practice* 


Ml cu or rHE work being done to 
improve steel quality at the 
openhearth can be undone unless 
care is taken at the soaking pits. 
Mills that do not have hot deseamers 
must condition the slabs or billets 
by hand and this is slow and costly. 
With proper control over open- 
hearth and soaking pit practice, the 
blooming mill product can be made 
suitable for direct charging into the 
reheating furnace of the finishing 
mills. Control of the soaking pits 
also contributes to fuel conserva- 
tion and reduced costs. 
(Continued on p. 128) 

*Abstract of “Steel Quality as 
Affected by Track Time and Soaking 
Pit Practice”, by A. F. Mohri, a paper 
presented before the General Meeting 
of American Iron and Steel Institute, 
New York, May 23 to 24, 1951 
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his new book brings you up to date on what's newesi 
and best in controlled-atmosphere heat treating 
equipment . . . for tool and die work, hardening, annealing, 
brazing, sintering, tempering, ‘soldering, forging, carbo- 
nitriding, bright stainless annealing, degasifying, melting 

. . batch, conveyor, vertical, “humpback”, reciprocating 
hearth, automatic forging, atmosphere generators, ammonia 
dissociators . . . plus the story of how the Hayes Laboratory 
insures your satisfaction by preproving and guaranteeing 
results. 


REQUEST 
YOURS TODAY 


As the Holidkap Season approaches with its message of Peace and Good 
Gill, we take this opportunity to extend to our manp friends throughout 
the world our Best Wishes for a verp Merrp Christmas and manp 
Wappp and Healthful New Pears. 


CALL OUR NEAREST REPRESENTATIVE —~ REQUEST LATEST CATALOG 
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National 
Research 


(A) 8-4 Booster Pump. Takes over 
at forepressures as high as 1 mm., 
handling large amounts of gas in 
range of 1 — 30 microns. Suitable 
for evaporators, furnaces, and 
other vacuum systems requiring 
high capacity in this range. 


(B) H-2-P Purifying Diffusion Pump. Over 
50 liters per second from 107° to 10°6 
mm. range. Operates against forepres- 
sures as high as 0.300 mm. Blank-off 
2x 10°77 mm. 


(C) Gas Free High Purity Meta's. Copper, 
nickel, cobalt and iron. Special melts on 
request. Ingot weights up to 600 pounds. 


(D) Alphatron* Vacuum Gauge. Accurate 
gauging from 10 mm. to 1 micron. A 
rugged metal ionization type instrument 
which can be adapted for recording, con- 
trolling, gas filling, and leak detection. 


(E) B-1 Booster Pump. A small pump de- 
signed for rotary exhaust equipment used 
in miniature and subminiature tube pro- 
duction. Useful where a small pump is 
required to quickly obtain pressures in 
the region of one micron. 
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(F) Type 710 Ther 

Gauge Control. One instrument for sci- 
entific and industrial vacuum gauging. 
Incorporates two thermocouple gauges 
(1 — 1000 microns) and one ionization 
gauge (10% mm. to 10°° mm. Hg. 
range) in one control. Automatic input 
regulation and protective circuit. 


(G) Standard Vacuum Furnace. A versa- 
tile packaged unit to melt, pour, heat 
treat, degas, sinter, and anneal under 
high vacuum or controlled atmospheres. 
Temperatures up to 2000° C. 


(H) Vacuum Seals. For introducing mo- 
tion, power, or connecting gauges. 


(1) High Vacuum Valves. Available in sizes 
16’. Low rate of leak. 


(J) Vacuum Fusion Gas Analyzer. Analyzes 
metals and alloys, including titanium, for 
combined or dissolved oxygen, nitrogen, 
and hydrogen. 


(K) Type 701 Thermocouple Gauge 
Control. A light, portable instrument for 
vacuum testing in range 1 — 1000 mi- 
crons. Compact and rugged. 
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(L) H-16-P Purifying Diffusion Pump. 
Over 10,000 CFM in 10-5 range. Suit- 
able for cyclotrons, commercial coating 
units, and other equipment demanding 
high pumping speed. 


(M) Evaporators. Standard models from 
laboratory unit to high capacity tank 
type units. 


*Reg. U. S. Pat. Off. 


with a COMPLETE LINE of 
HIGH VACUUM EQUIPMENT 


You may be using one or two of our products 
without realizing that at this one source you 
have available such a full line of high vacuum 
equipment. 

You will find a unique quality in most of these 
products. They were created to “ideal’’ speci- 
fications drawn up by manufacturers who, in 
many Cases, never dreamed we could fulfill their 
exacting requirements. The products are meet- 
ing these requirements day after day on pro- 
duction lines. 

Let us supply all your high vacuum equip- 
ment needs. You will gain the benefits of a 
single source of supply plus the high standards 
of performance designed into National Re- 
search products. Write us for further details. 
National Research Corporation, Memorial 
Drive, Cambridge, Mass. 


PROCESS DEVELOPMENT ORATION 
VACUUM ENGINEERING DISTHL ATION COATING 
EQUIPMENT = APPLIED PHYSICS 


National Research 
Corporation 


Seventy Memorial Drive, Cambridge, Massachusetts 
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Niagara Aero Heat Exchanger 


quickly pulls down the initial 
peak load of heat in quenching 


. .. and saves cooling water 


Accurate control of quench bath temperatures and 
quickly effective capacity to handle the initial peak load 
of heat in quenching prevents production set-baeks, in- 
creases the output of your heat treating department, 
prevents oil fires, saves you losses from rejected parts. 

Niagara Aero Heat Exchangers give you this control 
in both furnace and induction hardening methods. They 
prevent both over-heating and over-cooling of the 
quench bath. Hundreds of heat treaters know they 
prevent many troubles, constantly improve quality and 
increase production. 

They quickly pay for themselves by saving cooling 
water coils and extend your quench capacity without 


extra water or cooling tower. 


Write for Bulletin $120 giving complete information. 


NIAGARA BLOWER COMPANY 
Over 45 Years’ Service in Industrial Air Engineering 
Dept. MP, 405 Lexington Ave. New York 17,N.Y. 


Experienced District Engineers in all Principal Cities 
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Track Time and 
Soaking Pit Practice 


(Continued from p. 124) 

This report is based on the oper- 
ations of a plant that has a daily 
production of 3100 tons from two 
openhearth shops. There are eight 
regenerative pits and 14 bottom fired 
(Ameo) recuperative pits operated 
with dry bottoms. The mixed fuel, 
with a heating value of 155 B.t.u., is 
six parts of blast furnace gas to one 
part of coke oven gas (not desul- 
phurized). The Ameo pits, on which 
most of this report is based, can ac- 
commodate sixteen 22 x 24-in. ingots 
(or 70 tons), and fewer of the larger 
Approximately 4000 tons of ingots 
are heated daily, which means that 
considerable cold steel is picked up. 

Pit temperatures are automat- 
ically controlled by thermocouples 
in the waste gas ports. Any one of 
four thermocouples located in each 
of the four corners may be con- 
nected to the controller which main- 
tains a pre-set temperature. <A 
thermocouple in the pit roof is con- 
nected to a pre-set temperature con- 
troller to protect the ingot tops from 
overheating. 

Track time is defined as the in- 
terval from finish teeming to finish 
of soaking pit charging. The re- 
quired soaking time is based on the 
interval from start of teeming to fin- 
ish of soaking pit charging so as to 
include the effect of excessively long 
teeming time. Holding time varies 
with the composition and mold size 
and is specified from 15 min. to 3 
hr. “Bridging-over” in hot top in- 
gots and “cokey” centers in the deep 
etch test of billets have been attrib- 
uted to insuflicient holding time. 

Alloy steel and high-carbon hot 
topped killed steel require a longer 
holding time than lower carbon 
steel because of the greater spread 
in temperature between teeming and 
solidification. A soaking pit sched- 
ule has been developed that specifies 
the charging, the desired heating 
rate, and minimum time in the pits. 
The minimum time in the pits varies 
from 2's hr. for 22x 24 ingots to 6 
hr. for 26x53 ingots. The gas soak 
is based on two levels of track time: 
15> min. for most grades having less 
than 6 hr. track time and up to 2 hr. 
for certain grades with over 6 hr. 
track time. The time soak is 15 min. 
more than track time if the track 
time is under 3 hr. 15 min., and 15 
min. less than track time that is 
longer than 3 hr. 15 min. 

Use of a second locomotive re- 
duced track time from 3 hr. to 2.7 

(Continued on p. 146) 
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CLAD METAL 


‘Superior Steel 


CORPORATION 


Take-off from the performance facts of SuVeneer Clad 
Metal . . . into a new realm of design opportunities for 
superior product economy and service! SuVeneer Clad 
offers the surface advantages of solid copper (or copper 
alloy,) plus the inherent physical properties of low carbon 
steel to which it is inseparably bonded—giving a free 
hand to fabrication by any usual method. We have a 
useful bulletin on the physical properties of SuVeneer 
Clad Metals—write for it. And we'll gladly consult with 
you on your future planning. 


Or IN Metal products design and fabrication 
) 
SYLVANIA 


This aluminum cylinder draws 
smooth as butter from the blank 
at right, with Bonderite. Bonderite 
“irons” in the forming operations 
to create o thin, uniform, tightly 
adherent layer. 


From bar stock (top) to transmission 


LUBRICATION SYSTEMS FOR METALS 
SOLVE COLD FORMING PROBLEMS 


Bonderite ond Bonderlube, used 
in cold drawing of steel 50 cali- 
ber cartridge cases, speed pro- 
duction by allowing multiple poss 
operation and reducing the num- 
ber of process anneals, and pro- 
duce o superior product. 


Eliminate the friction between tools and work, 
provide proper lubrication between metal and dies, 
and you can cold form metals with amazing facility. 


Bonderite and Bonderlubes provide this effective, 
positive lubrication for metals in cold forming 
operations 


With Bonderite and Bonderlubes, benefits are 
many and varied. Some tube mills (an industry 
which has used Bonderite in drawing for more than 
ten years) report over-all production increases of 
as much as 100%. Other industries report big labor 
and time savings because of minimum pickling, 
multiple pass operations, fewer process anneals. 
Metal savings are large because of extensive elimina- 
tion of machining. Low alloy steel blanks may 
frequently be used, with desired physicals attained 
by the forming operations. 


Parker, with more than a decade of experience in 
this field, offers you trained engineering and opera- 
tional know-how. Learn how you can get the benefits 
of Parker’s lubrication systems for your cold form- 
ing operations. Write today! 


90% of all seamless steel tubing, 
; plus much welded steel tubing, is 
treated with Bonderite as an aid 
in drawing. Section of mild stee! 


: tube here shows extent of reduc- 
Bonderite and Bonderlube ative technical bulletin, tp j 


“Bonderite as an Aid in Cold 
Forming.” Get your copy 


PARKER RUST PROOF COMPANY 
2216 E. Milwaukee, Detroit 11, Mich. 
*Benderite, Bonderlube, Parco, Parco Lubrite—Reg.U S. Pat. Off. 


BONDERITE— corrosion resistant paint base BONDERITE and BONDERLUBE—aids in cold forming of metals PARCO COMPOUNG—rust resistant PARCO LUBRITE—wear resistant for friction surfaces 
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and time-saving extrusion possible. 
iM Superior physicals are obtained 
from lower corbon stee\ thon for 
merly red for this port. 
4 
ond Bonderlube. One 
extrusion forms this close 4 : 
= 
4 Bumper steel, polished in the flat, is treated 
formed, Bonderite brings it through without 
scratches, practically eliminates costly hand 
4: 
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WHAT'STHISABOUTBORON? WHAT? STHISABOUTBORON HAT STHISABOUTBORON ?WHAT STHI 


BORON 


Table of Contents 


It's Later Than You Think, Editorial, Metal Progress 
Saving Precious Alloys by Intelligent Use of Alternatives 
Round Table Discussion, Western Metal Congress 
Boron Steels, by Panel on Conservation, 
Metallurgical Advisory Board, D. L. McBride, secretary 
A.LS.L. List of Tentative Standard Boron and Alternate Steels 


TBORON? WHAT STHISABOUTBORON? WHAT STHIS & 


N2WHAT'STHISABOUTBORON? WHAT 'STHISABOU 


Record of Experience With Boron Steels 


Historical Development of Boron Additions, 
by Robert S. Archer 
Summary of Wartime Investigations of Boron in Steel, 
by Murray C. Udy 
Use of Boron Steel in Production of Hand Tools, 
by Fred J. Robbins and J. J. Lawless 
Caterpillar Tractor Co.’s Experience with Boron Steels, 
by John Parina, 
Special Carburizing Steels, Boron Treated, by Porter 


OBVSIHIS 


Supplement on Hardenability Test and Use 


Standard Hardenability Test 
Appraisal of Steels by Their Hardgnabilj 


OSVSIHILS. LWHMENO 


Walter E. Jong 
Hardenability Control for Alloy § Parts, 
by A. A oegehold 


$1.00 per Copy uk 
Published by 


American Society for Metals 
(The Engineering Society of the i 
7301 Euclid Ave., Cleveland 3, 


4AT’ STHISABOUTBORON WHAT’ STHISABOUTBORON? WHAT" STHISABOUTBORON?WHAT'ST 


OsOSLNOPVSIHLS. LYHMEN! 
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MANHATTAN 


Custom-made for your specific 
material removal problems 
Foundry Snagging—Billet 
Surfacing—Centerless Grinding 
Cutting and Surfacing concrete, 
granite, and marble 
“Moldiscs” for rotary sanders 
Grinding and Finishing 
stainless steel welds 
Bearing Race Grinding 
and Finishing 
Finishing Tools and Cutlery 
Cutting-off—Wet or Dry Bars, Tub- 
ing, Structurals, etc. Foundry Cutting 

standard and reinforced wheels 


Grinding Carbide Tipped Tools 


Write to Abrasive Wheel Department 


Raybestos-Manhattan, Inc. 


MANHATTAN RUBBER DIVISION 
92 TOWNSEND ST. - PASSAIC, N.J 


Th 
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Notice 


This Bulletin Board 
section of Merat Pro6- 
kKESS brings vou adver- 
tisements grouped ac- 
cording to products and 
services. Each ad car- 
ries a reference number 
at the bottom. Simply 
list this number on the 
coupon, page 143, and 
your requests for liter- 
ature or other informa- 
tion will receive prompt 
attention. 


Which is better 
for YOUR product? 


NON-GRAN | NON-GRAN 
SAND CASTING CENTRIFUGAL 


© Request Booklet! 


American 
Non-Gran 
Bronze Co., 
Berwyn, 
Pennsylvania 


Bate, 


. 
LIST NO. 3 ON INFO-COUPON PAGE 143 


WANTED 


MORE IRON AND 
STEEL SCRAP.-- 
OF ALL KINDS! 


Steel mills and foundries need 


more scrap—all sorts of tdle iron 
—from all types of plants 


Search your plant for this idle 
metal . . . work with your local 
scrap dealer to increase supplies of 
badly-needed iron and steel scrap 


The Structure 
of Cast Iron 
By Alfred Boyles 
U. S. Pipe & Foundry Co. 


A book that tells what cast 
iron really is and gives the 
facts basic to an under- 
standing of applications. 


154 pages . . 94 illus. . . $3.50 


American Society for Metals 
7301 Euclid 


Cleveland 


Castings 


NOW POSSIBLE 


95-LB. PRECISION 


CASTINGS 


DAR AND GUIDED MISS! 
CASTING SPECIALISTS ~- 
ALSO COMPLICATED Ali 
RAFT PARTS BEIN 
ADE IN PROBUCTIC 


Hastelloy, 316, 347, 410, 431 5.5. 
4130, 4120, 1020, Copper, Aluminum 


AN EXPERIENCED ENGINEERING 
STAFF AVAILABLE TO HELP WITH 
YOUR DESIGN PROBLEMS 


INQUIRIES INVITED... 
BROCHURE ON REQUEST 


ALLOY 


PRECISION 


CASTING CO. 


E. 45 ST. & HAMILTON - CLEVELAND, 0 


LIST NO. 6 ON INFO-COUPON PAGE 143 
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Cleaning, Finishing, Plating, Surface Protection 


NICKEL CHROME ALLOY 


DIPPING BASKET 


Highest quality boskets 


... Strong, safe to handle. 


Mesh can be replaced ‘CLEANING a 
aaa 


when worn. Long life. 


Standardized for fabri- 
cation to any size. Send 
specifications to Dept. B. MATERIALS . 

(See our ad on Heat £ 


Treating Equipment in 


this publication. ) 


ROLOCK INC. 


FAIRFIELD, CONN. 
LIST NO. 8 ON INFO-COUPON PAGE 143 


DEGREASERS 
METAL PARTS WASHERS 


> 
DEGREASING SOLVENTS 
TRICHLORETHYLENE 
PERCHLORETHYLENE 


EMULSION and 
ALKALINE CLEANERS 


Bt n these days of re- 
strictions on the 
use of the usual plating 


metals, the precious metal, 
rhodium, becomes impor- 


them, especially for smal 

articles and parts. RUST-PROOFING 
Rhodium is hard and bril- and PAINT-BONDING 
liantly white and it cannot 

tarnish. No acid nor mix- COMPOUNDS 


ture of acids attack it. 
Our solution has excellent 
throwing power. 


Suggested objects for 


All-electric steam-detergent cleaning. For 


int industrial 
j optical mounts, contacts ‘eeping. Pressures to P.s.i. er 
i for communication equip- sizes available. Write for bulletin 74-15. 

ment, radar components, 
surgical instruments and (Livingstone Engineering Company \ 
j pen ‘sets. The Monutacturers of Steam Generato 
= practica Pp ater s Own ex- 

\ perience will \ 100 Grove Street Worcester 5, Mass. / 
many others to him. LIST NO. 9 ON INFO-COUPON PAGE 143 LIST NO, 11 ON INFO.COUPON PAGE 143 


Commercial rhodium plat- 
ing was developed in our 
laboratories. Baker Rho- 
dium Plating Solution is 
the original and is made 
under the direction of the 
men who developed the 
process. 


Surface Treatment 


of Metals 


@ Let us send you Direc- A Symposium by 15 Authors 


tions for Rhodium Plating. Includes chapters on anodic 


treatment of aluminum, pas- 
sivation and coloring of stain- 
less steel, surface treatment 
of magnesium, zinc and tin 
coatings, diffusion coatings, 
and various mechanical sur- 
face treatments. 


- 140 illus. . 


. $5.00 


Nonferrous Scrap - 


le Needed Teo American Society for Metals 
7301 Euclid Ave., Cleveland, O. 


} 4 
( 
; 
Model Se 
16-25 “EA 
SCRAPPY SAYS: 
WORE 
TOOAY... 
LIST NO ON INFO-COUPON PAGE 143 
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NARACO RACKS 
Replaceable Tips 


Manufactured to 
exacting specifications for: 
« ANODIZING 
PLATING 
PAINTING 


and Conveyor Purposes. 


AMERICAN RACK CO. 
4632 West 21st Piece CICERO, 


NATIONAL RACK CO., INC. 


179.181 Madison Street PATERSON WJ 


IMPERIAL PLATING RACK CO. 
1613 Industriel Avenue FLINT, MICH. 


LIST NO. 14 ON INFO-COUPON PAGE 143 


SEAL-PEEL 
COATINGS 


PROTECT METALS AGAINST 


CORROSION 
SCRATCHES 
ABRASION 


Extensive laboratory facilities are ot your 
service for any rust, waterproofing, or 


Sel’: we 


11400 £. 9 MILE ROAD 
VAN DYKE (DETROIT), MICH. 
LIST NO. 16 ON INFO-COUPON PAGE 143 


DANIELS PLATING 
BARREL & SUPPLY CO. 


MANUFACTURERS ond DISTRIBUTORS 
Electroplating and Polishing 
Equipment and Supplies 
129 Oliver Street * Newark 5, N. J. 
Tel. MArket 3-7450 
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ROUND-THE-CLOCK 
PRODUCTION! 


SPRAY BOOTHS 


for manval or evtometic spraying. 
sizes ond 
Dip Tenks ead 


RYAN Roan 


perroit 12, MICHIGAN 
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: . Cleaning, Finishing, Plating, Surface Protection 
— 
SOLVERTOL CHEWICH PRODUCTS, INC. 
S 
| 
| 
»eters-dalton fat 
LIST NO. 15 ON INFO-COUPON PAGE 143 


Megacycle Tube Type Machines 


Soldering Brazing Bombarding 
Annealing * Hardening 
Sizes: Standard—2,4,10.25 KVA: Custom—t 00 KVA 
Fast - Powerful - Reliable 
Challenge Comparison—Value * Quality * Price * 
Design * Appearance 


Free Tria! Run of Your Sample Parts 
Complete data, application photos, prices, 
delivery in Ppa illustrated Catalog. Write 


on your company letterhead. Fame, 
Since 1930... Pioneers in Megacycle Heating 
‘SHERMAN 


‘ashington Ave., Belleville 9, N. J. 


LIST NO. 18 ON 


HEAT TREATING 
FURNACES 


THE MOST ADVANCED SALT 


BATH FURNACES FOR.... 
for Batch Conveyorized 
Type Type 
Every Heat Treating 
Process Work Work 
* . 
CONTROLLED Upton Electric Furnace Co. 
ATMOSPHER ES 16808 Hamilton Avenue - Detroit, Michigan 
x Phone, Diamond 1-2520 
DIRECT FIRED LIST NO. 20 ON INFO-COUPON PAGE 143 
* 
CIRC-AIR DRAW 
FURNACES 
* é 
CIRC-AIR NICARB 
(CARBONITRIDING) 
< oO» 
Specially Engineered — 
or 
Your Particular Needs 
GAS OIL © ELECTRIC 


LIST NO. 21 ON INFO-COUPON PAGE 143 
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furnaces have been adapted 
‘brass, copper. and 


® ACCURATELY CONTROLLED HEAT 
UNIFORM HEAT THROUGHOUT 


NO WARM.UP TIME 


OPERATES ON STANDARD 
SUPPLY 


COOL OPERATION 


AUTOMATIC LOADING AND 
VULOADNG 


MINIMUM FLOOR SPACE 
SIZES UP TO 20,000 L8S. 
EASY 'NSTALLATION—CONNECT 


ation 
YOUNGSTOWN 1, OA 


Heating Equipment 
«oe INDUCTION HEATING EQUIPMENT ERMIC 
F f 
2 
wy 
ofjers @Practicailly every exirusion 5 
| equipped with a Magroethermic 
| 
primary and secondary hec 
4 
T ; 
WOWER LEADS AND COOLING 
THAT'S ALL. 
G 
Morrison encinttrinc corp 
B70 Fremont + Bewelt 7, 2222 FAIRHILL RD, — 
m LIST NO. 19 ON INF JPON PA 43 EET LIST NO. 22 ON INFO.COUPON PAGE 143 _ 


Heat Treating Equipment and Supplies 


HEAT RESISTANT CASTINGS 


< 


ht 


BUFFALO 
E. A. Mansfield 
Ellicott Square 


CINCINNATI 
Pearson Browne 
ist Nat'l Bank Bidg 


CLEVELAND 

Alloy Sales & Service 
Chas. Plant, Jr. 

8905 Lake Ave., Rm. 303 


DETROIT 

Gehringer & Forsyth 

16151 James Couzens Hwy. 
HOUSTON 


B. F. Coombs 
2221 Telephone Rd. 


Pe 


LONGMEADOW, MASS. 

. G. Constantine 
Control Engineering Co. 
51 Converse St. 


MILWAUKEE 
Ed. P. Lindergren 
3748 W. Greenfield Ave. 


NEW YORK CITY 
R. B. Steele 
254 W. 3ist St. 


PHILADELPHIA 
owle n 
18 W. Chelton Ave. Bidg. 


PITTSBURGH 
Robt. A. Schmidt 


Whenever you have a heating problem that involves heat 


Consult the engineering representative neerest you —or 
write for the interesting 4-poge Bulletin No. |. 


404 Frick Bidg. 


STANDARD ALLOY CO., INC. 


1679 COLLAMER ROAD + CLEVELAND 10, OHIO — 


PORTABLE ELECTRIC 
OVENS 


FOR THE METAL WORKING INDUSTRY 


Standard Models for f 
Anti-Carburizing Paint thes 


LOW COST 


Applied to any part ae steel prior 
to carburizing, Non-Case protects 
that specific part from the absorp- Model HT-2 
tion of carbon. Here is an invalu- Max. Temperoture 
able coating that prevents carburi- 1000° F. 
zation, or hardening, of certain 
spots or sections of steel parts. 
Easy to use, Non-Case is available , 
in quart or gallon cans. 


Write for Descriptive Literature 
THE CASE HARDENING 


SERVICE CO. 
3091 Mayfield Rd., Cleveland 18, O. 


IST NO. 26 ON INFO-COUPON PAGE 143 


Approx. 4 cu.ft. 
working space. 


220 Volt — 1 phase. Thermostat con- 
trolled. Can be used in groups or banks. 


Standard models 225° F and up. 
Write for full details. 
GRIEVE-HENDRY CO., INC. 
1646 W. Haddon St. + Chicago 22, ill. 
LIST NO. 27 ON INFO-COUPON PAGE 143 
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DESIG 


y North American 
Manufacturing Company 
GAS OR O11 COMBUS 


¢ 
4 resistant ports, take advantage of Standerd’s long experi- 
ence in producing alloy castings engineered to your specific 
need. Conveyors, roller hearths, trays, containers, fixtures 
| rediant tube assemblies—end many more designs for 
wide variety of applicetions ore available. “4 | 
1 
LIST NO. 23 ON INFO-COUPON PAGE 143 
FURNACES On- ase 
Wide choice of models for research, - 
units for from 450° to 
3000°F., or | research equip- : 
; up to 5000° F., to meet your 
i ’ERENY Equipment Co. 
+ 893 Chambers Rd., Columbus 12, Ohio, U.S.A a 
DEPT. Greer Bidg., New Castle, Po., U.S.A 
ST LIST NO. 25 ON INFO-COUPON PAGE 143 be 
METAL PROGRESS; PAGE 135 


+27 


Heat Treating Supplies and Control Equipment 


FOR ALLOY 
“CONSERVATION 


KASENIT 


SURFACE HARDENING 
COMPOUNDS 


© NON POISONOUS 
NON EXPLOSIVE 
© NON INFLAMMABLE 


* Kasenit saves you money by 
simply and inexpensively pro- 
viding controlled surface hard- 
ness on plain alloy and carbon 
steel parts. Novscaling or 
warping. Try KASENIT cow. 


Trial Size ..... .$2.00 


INSTRUMENTS AND 
CONTROL FOR 
HEAT TREATING FURNACES 


A complete summary of Hays products 
applicable to processes such as anneal- 
ing, brazing and calorizing. Scope in- 
cludes various methods of firing (under- 
fired, overfired, sidefired), fuel burned 
gas, coal, oil), and type of furnace 
continuous, rotary hearth, slab heat- 
ing, ¢etc.). 

Hays complete line of draft gages, flow 
gages, and meters (for high and low 
pressure gases and liquids), portable gas 
analyzers and automatic CO recorders 
are covered. 


Send for Bulletin 49-750 
THE HAYS CORPORATION 


MICHIGAN CITY 26, INDIANA 


LIST NO. 30 ON INFO-COUPON PAGE 143 


HEAT TREATING INDUSTRY 
Since 1930 


@ Complete Service 
on Control Equipment 


@ Thermocouples 
@ Protection Tubes 
@ Charts and Lead Wire 


THE CLEVELAND ELECTRIC 


LABORATORIES COMPANY 


LIST NO. 32 ON INFO-COUPON PAGE 143 


Control Temperatures 
More Closely 


REDUCE COST + SAVE TIME 


This 
Catalog of 
Improved 
Pyrometer 
Supplies 
shows you 
how! 


Get your 
FREE Copy 
Today! 


* Ther * Protection Tubes 
* tt 4 Wire * Lead Wire 


* Insulators * Terminal Heads 


ARKLAY S. RICHARDS CO., Inc 


NEWTON HIGHLANDS 61. MASS 


LIST NO NFO-COUPON PAGE 143 


FREE 


The 
Quenzine 
Story 


Low priced, more readily 
available carbon steels can 
often replace alloy steels when 
quenched in Beacon Quenching 
Oils with QUENZINE added. 
For information on this new 
additive and other Beacon 
Brand Heat — Com- 
pounds write to 


Aldridge 


Industrial Oils, Inc. 
3401 W. 140th St., Cleveland 11, Ohio 


LIST NO. 29 ON INFO-COUPON PAGE 143 


Typical of many automatic and 
time-operated heating ovens and 
furnaces designed by Carl-Mayer, 
the pictured illustration conserves 
valuable man-hours. Conveyor and 
batch-type furneces up to 2000 

F., using gas, oil, of power, can be 
designed and built to meet your 
heating and processing problems. 


LIST NO. 33 ON INFO-COUPON PAGE 143 
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OVE NS FURNACES 


CARL-MAYER 
_ CORPORATION 
EUCLID A 


USE 
| 
=> 
— 
We] Ohio 
— 
Al 
pi 
KASEN | 
COme T 
PA N 
| || — 
LIST NO. 28 ON INFO-COUPON PAGE 143 P| | 5 
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Heat Treating Services 


Diversified Heat Treating Jacilities or... 
STEEL - ALUMINUM - MAGNESIUM 


FORGINGS - 


Carbonitriding 

Controlled Atmosphere 

Cyanide and Neutral Baths 

Liquid, Gas and Pack 
Carburizing 

Induction Heating 


Pit Type Convection Furnaces 
Large Car Bottom Furnaces 
Production Box Furnaces 


CASTINGS - 


Solution Heat 
Treatment 
Hardening 
Tempering 
Normalizing 
Annealing 


Grit Blasting 
Shot Blasting 
Shot Peening 


TOOLS AND PARTS 


Our management, produc- 
tion and sales staff are all 
metallurgically trained. 
Their combined experience 
is available for complete heat 
treating counsel without 
obligation. 
Send for 
Free Booklet of 
Complete Facilities 


A 
VINCENT 
PROCESS 


For 


EVERY HEAT TREATING NEED 


300-TON DAILY CAPACITY 


MODERN 
FACILITIES 
VINCENT” 
STEEL PROCESS CO. 
2424 Ave. 7, Mich. 


LIST NO. 37 ON INFO-COUPON PAGE 143, . 


COMPLETE SERVICE 

including — 

BRIGHT HARDENING OF STAIN- 

LESS STEELS...STEAM TREATING 

HIGH-SPEED CUTTING TOOLS 

.. HARDENING ... TEMPERING 
. CLEANING 

Our M Murgical E s con 

help with your metal treating 

problems. 


COMMERCIAL 


STEEL TREATING CORP. 


6100 Tiremon Detroit 4, Mich. 


TYler 
LIST NO. 39 ON INFO-COUPON PAGE 143 


YOUR COMMERCIAL 
HEAT TREATER 


IN 


OFFERS FACILITIES FOR: 
1. ALUMINUM. cap. 500,000/ PER MO. 


2. MINUTE PARTS 10 bus 


3. BRIGHT HARDENING oF 
STAINLESS STEEL 


ALL TYPES OF HEAT TREATING CAN 
BE DONE BY... 


STANDARD STEEL TREATING CO. 


3467, LOVETT AVE. DETROIT, MICH 
LIST NO. 40 ON INFO-COUPON PAGE 143 


3537 E. 16th Street 
los Angeles 23, California 


650 East Taylor Avenue 
St. Lovis 15, Missouri 


LIST NO. 38 ON INFO-COUPON PAGE 143 


LINDBERG STEEL TREATING 


222 Loflin Street 


Chicago 12, 


woe 6 3308 
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USTREAL STEEL TREATING CO. 
LIST NO. 36 ON INFO.COUPON PAGE 143 
| 
— 
HEAT TREATING . 
Lindbers ow in ony Write or coll tor 
peat on. of Steel.” 
major induoriel most 222 N. Loflin Street Chicago 7, Illinois 
' e Located in — hom the 
entions! in 
able for cor 


Heat Treating Services 


FLAME HARDENING 
CARBURIZING & HARDENING 
LIQUID PACK « GAS 
BLASTING + ANNEA 
Le ZING 


@TeE 


HEAT TREATING 


MEMBER 
& STRAIGHTENING AMERICAN SOCIETY 
OF BARS UP TO FOR 
22) LENGTHS METALS 


HEnderson 1-3837 


LIST NO. 41 ON INFO-COUPON PAGE 1 


x * 


* 


«DON’T WAIT... 


* 


COOPERATE! 


The U.S. Needs Your * 
Steel Scrap, * 
Now 


* 


Nonferrous Scrap 


Is Needed Too 


NEALING 
DENING sed AY 
BRIGHT MESS. STEEL 


METALS 


MENT 
HEAT TREAT LOVS 
of ELEC TRICAL Fleme Stress Relieving 
Hardening Normalizing 
Induction 
Gas, Pack 
Hardening or Liquid 
Chapmanizing Carburizing 
Nitiding Annealing 
Cyaniding Silver-Finish 
Cadmium, Hardening of 
Tin or Copper Dies or Tools 
Plating 
Roto-Blasting 
3 Alrocking of Silver or 
Aluminum Copper Brazing 


PITTSBURGH COMMERCIAL. 


DREW co. 
MEAT TREATING DIV/SION 


i 
224 CAMBRIA ST PHILADELPHIA 33, PA. 
; LIST NO. 44 ON INFO-COUPON PAGE 143 


HEAT TREATING CO. 
90 49th Street Pittsburgh, Pa. 


LIST NO. 42 ON INFO-COUPON PAGE 
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Boron Steel 


Just off the press .... 
a timely collection of 
eight articles on boron 
steel, reprinted from 
ProGREss. 


Write now for your copy 
of this new publication. 


Price is $1.00. 


American Society 
for Metals 


7301 Euclid Cleveland 


9 Scientific STEEL IMPROVEMENT 


Our Serwices: Electronic In- 
duction Hardening, Flame Hardening, 
Heat Treating, Bar Stock Treating and 
Straightening (mill lengths and sizes), 
Annealing, Stress Relieving, Normal- 
izing, Pack, Gas, or Liquid Carburiz- 
ing, Nitriding, Speed Nitriding, 
Aerocasing, Chapmanizing, Cyanid- 
ing, Dry Cyaniding, Sand Blasting, 
Tensile and Bend Tests. 
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sais LAKESIDE CLEVELAND 14, OHIO 


STEEL TREATING | 
# 
( 
| # 
= 
of BIG AS THEY COME 
| THE A 
HENDERSON 19100 S4 
a 


Inspection, Instruments, Testing 


© CHEMICAL DEMAGNETIZING 


PHYSICAL ® RADIOGRAPHIC SORTING 
© SPECTROGRAPHIC | © METALLOGRAPHIC PROBLE MS vd 


* SPECIAL STUDIES WITH RADIOACTIVE TRACERS MAGNETIC ANALYSIS | 


EQUIPMENT 
UNITED STATES TESTING COMPANY, INC. | Equipment for non-destructive 


| production inspection of steel bors and tub- 


ing for mechanical faults, variations in 
1530 PARK AVENUE HOBOKEN, N. J. composition and physical properties. Aver- 
NEW YORK - SOSTON + PHILADELPHIA « MEMPHIS + DALLAS age inspection speed 120 ft. per minute. 


; HOBOKEN « PROVIDENCE - CHICAGO - LOS ANGELES . DENVER | This Equip is now employed by more 
LIST NO. 47 ON INFO-COUPON PAGE 143 | than 40 Steel Mills and many Steel Fabrica- 
tors 


MAGNETIC ANALYSIS 


| MERIAM | Headquarters for DEMAGNETIZERS 
RAN OMETERS | NON-DESTRUCTIVE TESTING Electrical Equipment for officio production 


| demagnetizing of steel bars and tubing. 
and | When used with Magnetic Analysis Equip- 


ment inspection and d gnetizing can be 
U-TYPE * WELL TYPE * DUAL TUBE MEASU RING INSTRUMENTS done in a single operation. 


* * * 


MAGNETIC ANALYSIS 
FLOW METERS ULTRASONIC & MAGNETIC comedian 


DRAFT GAUGES INSPECTION EQUIPMENT Electronic Instruments for production sort- 
For measuring pressure, Crack & Defect Locators ing of ferrous and non-ferrous materials 
vacuum and differential pres- Metal Sorters and parts for variations in composition and 
sure of liquids and gases. Ultrasonic Thickness Gages physical properties. 

Also a complete line of 


accessories. ELECTRONIC MICROMETERS ALSO MAGNETISM DETECTORS 


ASK FOR CATALOG C-12 For production measurement of precision 


components to within 0.000020 in. 

THE MERIAM INSTRUMENT CO. | 


Inexpensive pocket meters for indicating 
magnetism in ferrous materials and ports. 


” 
For int — THE TEST TELLS 


CLEVELAND 2. OHIO J. W. DICE CO. 
@ U-TYPE MANOMETER ENSLEWOSS, 3. MAGNETIC ANALYSIS CORP. 


SEND FOR BULLETIN 21 42-44 Twelfth St. Long Island City 1, N. | 
NO. 48 ON INFO.COUPON PAGE 143 Lis} NO. 50 ON INFO COUPON PAGE 143 List NO. 51 ON INFO-COUPON PAGE 143 


IF (onrrot OF THESE PARTS 
IS YOUR PROBLEM... 


SPECTROSCOPY IS THE 
ANSWER | 


Undivided responsibility for complete installation of 
all Spectrographic equipment. 


NATIONAL SPECTROGRAPHIC 
LABORATORIES, INC. 
6300 EUCLID AVENUE CLEVELAND 3, OHIO 
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Inspection, Testing, Laboratory Equipment 


Another FLASH-O-LENS at work—this time at Eastman 
Kodak Company! 
You too can cut down inspection time and improve product 
quality by using this simple, handy, low-cost instrument that 
spotlights the work and magnifies it at the same time. . . the 
FLASH-O-LENS! 

Just put a FLASH-O-LENS on the part you're inspecting. 
Built-in bulb puts light om the field of vision—keeps it out 
of user's eyes. Accurately ground lenses give sharply de- 
tailed enlargement. Result: time-and-eye-saving inspection, 
surer maintenance of quality standards. 

Battery-operated and plug-in models—$10.65 up. Write 
for literature on suggested applications, types and prices. 


E.W. PIKE & COMPANY 


492 NORTH AVE. ELIZABETH, N. J. 


the 
MICRO 
TESTER 
ALUMINUM 
copper 
Brass 
BRONZE 
end 
PLAST 
| stics 
- for Fast and Efficient 
/ HARDNESS TESTING 
x Works on the principle of forcing a hardened 
spring-loaded steel point into the surface, the amount 
You tell Boder what you need @ 
Operator sumply places Impressor on surface and 
presses down firmly (Can be used in any p 
ven unst edges o nds of preces whe 
: BO DER Strongly built tor durability and consistent accuracy 
Thousands in us Came: m el 4 006 
Applies 1 to 10,000 gram loads Boder Scientific Co. 
Write for Bulletin 719-723 Lit t Ave. SCIENTIFIC | tor Bulletin £-1689-1 
Pi BARBER-COLMAN COMPANY 
> > Htsburgh 22, Pa. 
Kent Core LABORATORIES PITTSBURGH ROCK STREET © ROCKFORD, ILLINOIS 
PEEKSKILL NEW 
’ LIST NO. 53 ON INFO-COUPON PAGE 143 LIST NO. 55 ON INFO-COUPON PAGE 143 LIST NO. 56 ON INFO-COUPON PAGE 143 


=FAST=ACTION 


TENSILE AND BRINELL 
TESTING 


Whether your testing problems involve the 
tensile strength or Brinell hardness of metals 
or component parts, Detroit Testing equip- 
ment will speed your operations. In fact, on 
any tests involving metals, consult Detroit 
Testing — or write for informative literature. 


LIST NO. 54 ON INFO JUPON PAGE 143 
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*PRODUCTION PROVEN — 30% More Footage! 


These Tubing Rolls, made of ARDCORLOY* —a special 
alloy steel, were designed and manufactured by ARDCOR 
for one of America’s leading Welded Tube Manufacturers 


(name on request). MILL PRICES 
What are YOUR Roll Forming Requirements ? 


ARDCOR ROLLER DIZTS @ ROLL FORMING MACHINERY @ CUT-OFF MACHINES e High Speed: 


T-1 to T-15, M-1 to M-56 
American ROLLER DIE CORPORATION 


20680 St. Clair Avenue Cleveland 17, Ohio e High Carbon—High Chrome 
LIST NO. 57 ON INFO-COUPON PAGE 143 ° Oil Hardening 

Air Hardening 

e Water Hardening 
e Hot and Cold Work-Die Steel 


DOMESTIC *~> IMPORTED 


SPECIALIZING IN PRK-33 + ous Sunomine © Fast Finishing Steels 
COMPLETE WAREHOUSE 


@ TOOL STEEL NEOR 2 Oil Hardening FACILITIES 


13% Cr, 3% Co 


Non Deforming 
13% Cr, 2% C 


@ ALLOY STEEL 
@ CARBON STEEL MINEOR 4 


@ STRUCTURAL STEEL 5% Cr, 1% Me 
PHONE OR SEND INQUIRIES DARWIN g MILNER INC. RELIABLE 
AMERICAN ENTERPRISE CO. Highest Grade Tool Steels 


156 52ND STs, N.Y. 22, 2365 Avenue 
PHONE: PLAZA 868-1153 Cleveland 14, Ohio 


MILL GUARANTEED 


LIST NO. 58 ON INFO-COUPON PAGE LIST NO. 60 ON INFO-COUPON PAGE 143 


Corrugating and any 
straight-line production 
bending can be done to 
hairline accuracy : Steelweld Presses for 
; bending, forming. blank- 
ing, drawing and multi- 
ple-punching opera- 
tions. Complete line for 
all size metal to 1%” x 
Steelwelds have heavy duty one-piece 
Large holes can be 20'-0”. Write for free welded frames that stay rigid for life 


— singly. Smaller copy of catalog No. Ma hinery is top quality throughout and 
oles can be punched 25 201 easy to maintain 
oncal sections are qt to 150 at a time 


ly formed with standard 
bending dies by use of the THE CLEV ELAND CRANE & ENGINEERING co. 

LIST NO. 59 ON INFO-COUPON PAGE 143 
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Metal Working Equipment, Tools, Tool Steels 

NATION SANDS 

| | 

aa 


IF it’s intricate or simple... large or small production 
any metal you name - Investrgate the C. A Dahlin 
facilities for dependable service and quality workmanship 


Write today for the C. A. Dahlin Special Bulletin. 


A. DAHLIN COMPANY 


2729 CLYBOURN AVENUE . CHICAGO 14, ILLINOIS 
Phone LAkeview 5-9116 
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USE OUR 


HOEGANAES 
SPONGE IRON POWDER 
for 
Powder Metallurgy 
Fabrication 


and other 


Wetallurgical Purposes 
EKSTRAND & THOLAND, Inc. 


441 Lexington Avenue 


New York 17, N. Y. 
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You'll get 

REDUCED WEIGHT 

® ADDED STRENGTH 

@ IMPACT RESISTANCE 

SURFACE PROTECTION 

@ REDUCED MAINTENANCE COSTS 

@ MORE SQUARE FEET PER POUND 
OF METAL 
WRITE FOR FREE CONSERVATION 

HANDBOOK 


)Rigidized Metals Corporation & 
682 OHIO STREET, BUFFALO 3, N.Y 
Offices in Principal Cities in U.S.A. & Canada 


LIST NO. 64 ON INFO-COUPON PAGE 143 
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¢,Cold Finished St is 
rill Rods, Cald Rolle 


Stainless Steel in strip, sheet, bors, tubing and 
accessories 

Cold Finished Steels in al! stondord shapes 
and carbon analyses 

Spring Steels in Blue Tempered and Polished 
Coils, Cold Rolled Annealed Coils and Straight 
Lengths in 1070 and 1095 Carbon grades and Hot 
Rolled SAE 1095 and 9255 Bars Wires include 
Polished Music Spring Wire, Block Oil Tempered 
Spring Wire 

Cold Rolled Sheets — Cold Rolled Strip in 
and straight lengths 
sheared and round edge 
Planet Drill Rods Rounds sizes from 
2 in. -flots and squares 


all tempers, slit 


013 to 


Aluminum Sheets in coils and straight lengths 
in all alloys -Aluminum Bars and Rods. 


“SILVERCOTE"’* 


FN|BERYLLIUM 
COPPER 


Aardenable & Tempered 
ALSO OTHER NON-FERROUS 


WIRES 


* SPRINGS 
* FORMS 
* SPECIAL PURPOSES 


LITTLE FALLS ALLOYS 


INCORPORATED 
189 Caldwell Ave. + Paterson 1, N. J. 


WHITELIGHT 


your comprehensive independent 
source of magnesium alloy 
Tubes @ Rods @ Shapes @ Bars 
Hollow Extrusions © Plate Strip 
@ Pipe © Wire © Welded and 
Riveted structures and assemblies 


WHITE METAL ROLLING 
& STAMPING CORP. 
82 Moultrie St., Brooklyn 22, N.Y 


Sales Office 
376 Lafayette St., New York 3, N. Y. 
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METAL 
STAMPINGS 


Any Size-Shape-Thickness-Analysis 


Literature on request 


THE LEAKE STAMPING CO. 
MONROE, MICHIGAN 
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Korn’s special crayons, 
developed specifically 
for welding operators, 
layout men and other 
metal workers, will 
produce permanent 
markings on all types 
of hot, cold, wet or 
dry metals. Mark your 
cutting and welding 
lines for easier and 
more accurate results. 


KORN’'S welder's crayon 


WAGNER 
ELECTRODE HOLDERS 


WELD BETTER WITH 


@ WAGNER 
GROUND CLAMPS 


@ WAGNER 
CABLE CONNECTORS 


WAGNER 
“SWEDG-ON” ITEMS 


Sold Only Thru 
Welding Supply 
Houses 


WAGNER 
MFG. CO. 


350 W. Ist SOUTH ST. 
JACKSON, MISSOURI 


A CABLE SPLICED 
in 10 SECONDS! 


ERICO PRODUCTS, INC. 


Complete Arc Welding Accessories 
2070 E. Gist Place, Cleveland 3, Ohio 


Write for Caddy Catalog 


LIST NO. 69 ON INFO-COUPON BELOW 
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ati bh 


7301 Euclid Avenue, Cleveland 3, Ohio 


ked at the right, on the advertisements in the 


Please send further inf as 


(Bulletin Board Item Number) 


Bulletin Board with numbers | have listed below— 


(Please check) 


Send Catalog Send Nearest 
or Engineer- Price Source of 
ing Data Info Supply 
Title 


MAURATH, INC. 


ARC WELDING ELECTRODES 
ALL ANALYSES—COATED, STRAIGHTENED AND CUT, OR COILED FOR 
AUTOMATIC WELDING 


* 


Tip 

THE PAGE 
FOR A 
Goon Tip! 


IST NO. 72 ON INFO-COUPON AT LEFT 
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“Forgings by Finkl” ...a byword in the industry . . . the best obtain- 
able. “Forgings by Finkl” means that skilled craftsmen, employing 
modern methods and machinery, have selected the best steel for the 
job and created the best job from the steel. And to doubly insure long 
life and economical performance, each step in the development of 
the forging is thoroughly checked metallurgically. Nothing is taken 
for granted. 


A medium size forging, illustrated above, is the top head for a 
2,000 ton hydraulic press. It is made of C-1045 steel, normalized and 
drawn in one of Finkl’s heat treating shops. Forged from a 59” ingot, 
the rough machined forging shown weighs 22,800 pounds. Whether 
carbon or alloy steel, the Finkl organization can easily handle any 
job from a few pounds up to 50,000 pounds apiece. 


Write or phone when you are ready to talk about or plan your 


forgings. The experience of Finkl Sales Engineers is available to you, 


MANUFACTURERS OF THE LARGEST FORGINGS IN THE MIDDLE WEST 


Finkl & Sons 


2011 SOUTHPORT AVENUE CHICAGO 14 


METAL PROGRESS; PAGE 144 


{>} 
| 
| | 
a 
¥ 
: 
| 
DIE BLOCKS & INSERTS « PISTON RODS & RAMS « SOW BLOCKS « CRANKSHAFTS 


sizndard waredonse 


but tailored to your need 


TON, PENNSYLVANIA 


NC 


bls 
fom made | 
of the finest af quality<catealled | 


WASHINGTON STEEL CORPORATION 


Stainless Steel 


WASHINGTON, PENNSYLVANIA PHONE: WASHINGTON 5900 


JOHN C. RICHARDS 
GENERAL MANAGER OF SALES 


YOU CAN STILL PRODUCE STAINLESS STEEL PRODUCTS 


TYPE 430 IS STAINLESS STEEL 


Type 4350 (straight-chrome) enables many fabricators to continue 


production of stainless products, by consideration of its fabricat- 


ing qualities and physical and chemical properties. 
HAVE YOU EXPLORED THE POSSIBILITIES OF MICROROLD TYPE 430 SHEETS? 


MicroRold Type 430 offers the same fabricating advantages. such as 
micro-accurate thinness control, uniformity of gauge, increased 
product yield, longer die wear and excellent surface conditions, as 


characterized by the MicroRold trade name. 


Our warehouse distributors are available to assist you in solving 
application and supply problems. Write for the name of the 


MicroRold distributors in your area. 


Yours truly, 


WASHINGTON STEEL CORPORATION 


( John C. Richards, 
General Manager of Sales 
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Descaling 5 tons of stainless wire 


IN 15 MINOTES with virco’ Descaling Salt 


10-MINUTE IMMERSION in molten bath of Virgo Descol- 
ing Salt at 900°F. loosens scale. The bath is self-regenss 
ating, and produces no toxic fumes. Immersion time and 
temperature are flexible, need not be watched closely. 


WATER QUENCH removes much of the loose scale. The 
steam generated by immersing the hot metal in the water 
further loosens scale by its blasting action. The work is 
thus prepored for the final acid dip. 


VIRGO DESCALING SALT—Producers and tab- 
ricators of stainless and alloy steels use Virgo 
Descaling Salt to quickly, positively remove 
scale produced by hot rolling, forging, extrud- 


ing. casting, annealing. 


VIRGO MOLTEN CLEANER —quickly. positive- 
ly desands and degraphitizes castings; removes 


grease, dirt, chemicals, paint, enamel, rubber, 
THREE-MINUTE DIP in dilute acid removes the now 
soluble scale. The work is ready for a rinse or hosing to 
wosh off the acid. Result: a chemically clean surfoce— This process can be used on steel: castings; 
no pitting, etching or metal loss. TOTAL TIME—15 


MINUTES. forgings: fabricated parts; material to be sal- 


atmospheric corrosion and other impurities. 


vaged. It employs simple equipment, and is 
SEND FOR THESE BULLETINS 
Ga While on easily adapted to your production methods. 
Descaling Salt and Virgo Molten : 
Cleaner—whot they ore, how they 
work their advontoges, how they 
fit your operations, and the Hooker 
services you enjoy os o user of the 
process. Send for these bulletins 
todoy 


Hooker Electrochemical Company 


30 FORTY-SEVENTH ST., NIAGARA FALLS, N. Y. 


Please send me Bulletins checked: Virgo Descaling Salt [) 
Virgo Molten Cleaner | 


NAME 


TITLE 
30 FORTY-SEVENTH ST., NIAGARA FALLS, N. Y. | 
NEW YORK, N. Y. 1 ADORESS 
WILMINGTON, CALIF. 


COMPANY 
TACOMA, WASH. 
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Check the job to be done and you will find a Firecrete* 
product that will do it well. For special refractory shapes 
or linings it’s simply mix and cast. The new shape or lin- 
ing air-hardens and is ready for service within 24 hours. 
Other advantages include—no drying shrinkage, negligi- 
ble firing shrinkage, high resistance to spalling. 


3X FIRECRETE 


This new member of the Firecrete family effectively with- 
stands soaking temperatures up to a full 3000F. Provides 
savings through longer life and reduced shutdowns. 


— H-T FIRECRETE 


A high heat-duty refractory composed of an exceptionally 
heat-resistant base. Specially developed for service between 
2400F and 2800F. 


coro” 2400F — STANDARD FIRECRETE 


The most generally applicable type of Firecrete. Finely ground, 
permitting casting of shapes or linings as thin as 114". 


coro” 2400F — L-W FIRECRETE 


A lightweight insulating refractory concrete with unusually 
low thermal conductivity, low heat storage capacity and high 
resistance to spalling. 


The above Firecrete materials can be used in combina- 
tion where varying temperature and service conditions are 
encountered. 

For patching and gunning, use 3X BLAZECRETE. For 
temperatures to 3000F. It has exceptional adherence quali- 
ties, can be flipped into place with a trowel without ram- 
ming or tamping. 

For further information, write to Johns-Manville, ee 
Box 290, New York 16, N. Y. 2M 


Johns-Manville 


FIRECRET 


Standard in Castables’’ 
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Track Time and 
Soaking Pit Practice 


(Begins on p. 12%) 

hr. and decreased the fuel consump- 
tion in the soaking pit from 963,000 
B.t.u. per ton to 856,000 per 
ton. There was also a marked im- 
provement in production rate at the 
blooming mill expressed in tons pet 
hour. Track time affects the surface 
quality of many compositions. The 
effect is not marked with low-car- 
bon rimmed, semikilled or killed 
steels which, if necessary, can be 
banked and subsequently charged 
into hot pits without much danger 
of poor surface or increase in con- 
ditioning costs. The low-carbon 
resulphurized steels are especially 
susceptible to surface defects if 
charged after long track time. Bank- 
ing of such steel should be avoided 
as much as possible. 

Carbon steels of about 0.20% C 
(C1020) and the high-carbon steels 
(C1080 or higher) are quite sensi- 
tive to track time. Straight chrome 
steels are less affected than alloy 
srades containing nickel or molyb- 
denum, which are sensitive from the 
standpoint of surface quality. The 
A.LS.L. composition 9260, silicon- 
manganese steel, and the high-sili- 
con steel sheets used for magnetic 
purposes are very critical to track 
time. Long track time, because of 
bunched heats or other operating 
difficulties, leads to rolling poorly 
soaked steel which is detrimental! 
both internally and externally. Pipe. 
thermal shocks, and transvers¢ 
cracks on charging into a hot pit 
are related to prolonged track time 

Short track time and rapid chars- 
ing result in green steel.  Semi- 
liquid steel may flow from the ingot 
and cause low yields and large blis 
ters on the bloom. Such blisters 
may be 10 to 15 ft. long on the slab 
An undersoaked ingot has a_ tend- 
ency to are in the mill and cause 
cobbles. The difference in tempera- 
ture from surface to center causes 
eracks and tears during rolling and 
increases conditioning costs. 

Steel is considered well soaked 
if it meets three requirements of 
good heating. The exact times cited 
by Mr. Mohri apply to a 23 x 25-in. 
big-end-down rimmed ingot of 
C1015 and vary somewhat with size 
of ingot and grade of steel. The 
soak is controlled by setting the 
automatic gas controls at 2300° F. 
and adding 45 min. to the time at 
which the gas cuts back to where 
the heat input equals the radiation 
loss of the pit. This requirement 

(Continued on p. 148 
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A PARTNERSHIP 


ILLINOIS 


APPARATUS 


CHICAGO 1 


165 WEST WACKER DRIVE 


METALLURGICAL 
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1330-3 AB Speed Press, complete for “the finest modern specimen press 
BUEHLER LINE OF SPECIMEN PREPARATION EQUIPMENT INCLUDES . . . CUT-OFF MACHINES © SPECIMEN MOUNT 
PRESSES POWER GRINDERS DISC GRINDERS HAND GRINDERS SELT SURFACERS 
AND ELECTRO POLISHERS © POLISHING CLOTHS © POLISHING ABRASIVES. 


Track Time and 
Soaking Pit Practice 


INTINENTA 


For the OVER-ALL JOB—With Guarant 


(Begins on p. 124) 
amounts to about 650 cu.ft. per min. 

Several years ago the 10 to 1 
blast furnace to coke oven gas ratio 
was changed to a 6 to 1 gas mixture. 
Detailed study was made of SS) 
consecutive charges heated in one 
typical Amco pit. Heats that had 
openhearth irregularities were not 
included in the study. The follow- 
ing results were secured: 

1. The track time plus 15 min. 
for track times below 3 hr. 15 min. 
gives the same soak as track time 
minus 15 min. for track times of 3 
hr. 15 min. to 6 hr. These results 
were used to amend the heating 
schedule that previously had called 
for track time plus 15 min. on all 
hot charged ingots. 

2. A 6 to 1 mixture of blast fur- 
hace and coke oven gas gives a 
heating rate of 300 to 400° F. per hr. 
at low pit temperatures and of 100 


¢, Continental Rotary Heorth Billet Heoter, Auto- 
motic tharging and discharging manipulators contro! 
delivery of uniformly heated billets to extrusion press 


for military production... 


Whatever your heat process prob- 
lems in plant conversion for military 
production, CONTINENTAL has the 
answer. 

CONTINENTAL jobs begin with 
analysis of the requirements, then 
the selection and development of 
proper methods for greatest results. 
Finally follows the design, the build- 
ing, and installation of the equip- 
ment including necessary work- 
handling accessories and control 
devices—delivering a COMPLETE 
UNITIZED PRODUCING PACKAGE 
with results guaranteed. 

The broad experience of ContI- 
NENTAL offers you a prompt, sure 
solution to your change-over pro- 
gram. 


CONTINENTAL INDUSTRIAL ENGINEERS, INC. 
176 W. Adams Street, Chicago 3, Illinois 
District Representotives: 

Ridgewood, N.J. * Indianapolis + St.Louis * Detroit 
Cincinnoti * Milwovkee * Cleveland * Pittsburgh 


PLANNED MILITARY PRODUCTION 


Write for Booklet No. 127 


to 200° F. per hr. when approaching 
soaking temperatures. 

3. The spacing of the ingots is 
more closely related to the time re- 
quired to reach soaking temperature 
than are the number and size of 
ingots. 

4. Fuel consumption on cold steel 
was 2 million B.tu. per ton with a 
pit efliciency of 

+. The 6 to 1 gas mixture was 
appreciably more efficient than the 
10 to 1 mixture 

6. Although the time in the pits 
is longer, the proper soaking inter- 
val is the same for hot or cold 
charged steel. 

Soaking-pit heating conforming 
to specified minimum and maximum 
track time assists in improving the 
finished quality and in decreasing 
the necessity for searfing or chip- 
ping. Differences in’ fuel would 
likely require revision of the details 
of the heating schedule. 

F. G. Nonrrs 


Fracture of Metals* 


PROCESS OF DEFORMATION of 

metals consists of three progres- 
sive actions: elastic and plastic de- 
formations, and fracture. Although 
it is most important to make divi- 
sions between these three stages, so 


far it has often been impossible. It 
is well known that the transition 


FURNACES (Continued on p. 150) 


PRODUCTION LINES 


‘4 


SPECIAL MACHINES 
- COMPLETE PLANTS * Abstract of “Process of Fracture 
of Plastic Metals”, by Ya. B. Fridman 
and T. K. Zilova, Doklady Akademii 
Nauk SSSR, Vol. 73, 1950, p. 697-700. 


MAN UFACTURERS—ENGINEERS—C ONTRACTORS FOR OVER A QUARTER OF A CENTURY 
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Continued high steel productipn this winter 


may depend on... 


CLEANING OUT 


HOW TO TURN SCRAP INTO MONEY 
with an organized dormant scrap round-up 
in your plant: 


1. Appoint a top executive with authority to 
make decisions to head the salvage drive. 

2. Organize a Salvage Committee and in- 
clude a member from every department. 
Survey and resurvey your plant for untapped 
sources of dormant scrap. Encourage your 
employees to look for miscellaneous scrap 
and report it to the committee. 
Sell your entire organization on the need 
to scrap unusable material and equipment. 
Prepare a complete inventory of idle ma- 
terial and equipment. Tag everything not 
in use. 

6. Start it back to the steel mills by selling it 
to your regular scrap dealer. 


7. KEEP AT IT! 


*DORMANT SCRAP is any obsolete, broken or worn- 
out and irreparable machinery, tools, equipment, dies, 
jigs or fixtures, etc., that may encumber your premises. 


> YOUR SCRAP 
THIS MONTH 


Despite . . . and because of... the continued high 
rate of steel production, the steel industry is on a 
hand-to-mouth basis in its receipts of purchased 
scrap... essential to production! Mills that normally 
inventory a 60 day supply of scrap, are now main- 
taining high production with less than a week's sup- 
ply on hand. That the effect of winter on transport fa- 


cilities could quickly exhaust these dangerously meager 
scrap inventories and thus force a cut in steel pro- 
duction is obvious. Help assure an uninterrupted 
steel supply by rounding up and selling your dor- 
mant scrap* to your regular scrap dealer this month! 


4 i> 


STEEL COMPANY 


INLAND 


38 South Dearborn Street °* Chicago 3, Illinois 
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METAL STAMPINGS 


HEAVY WELDMENTS 


PRESSED STEEL 
SHAPES 


BALTIMORE 
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COMPLETE PRODUCTION FACILITIES 
SPEED UP DEFENSE CONTRACT WORK* 


Brandt's production lines are geared for mass 
production of component parts for prime and sub- 
contract defense work. 


Brandt's proximity to steel mills and rail and 
water transportation assures on-time delivery. 


“Regardless of stepped-up defense production, our industrial 
accounts still receive prime consideration 


WRITE TODAY 


on your company letterhead 
for your copy of this handy 
file of Brandt mass produc- 
tion facilities 

for all kinds 

of metals. 


CHARLES T. BRANDT, Inc. 
1700 Ridgely St. 
BALTIMORE 30, MD. 


Fracture of Metals 


(Begins on p, 148) 
from the elastic to the elastic-plastic 
phase is extremely gradual, so that 
expedient divisions such as the 6.2‘ 
offset yield strength are employed. 

No less difficult is the division 
between plastic deformation and 
fracture, that is, observing the be- 
ginning of fracture. If it is assumed 
that the first cracks can be about 
10 A in size, then most or all of the 
existing methods are insufliciently 
sensitive to observe such cracks, and 
the “first cracks” usually observed 
represent only a certain stage of de- 
velopment of the fracturing process. 

The purpose of the present work 
is to show: (a) that with only the 
aid of macroscopic methods, it is 
possible to study the process of 
plastic fracture from its initial 
stages until final fracture occurs. 
and (b) that conclusions about the 
plastically deformed condition ob- 
tained from the study of completely 
fractured specimens may lead to in- 
correct results, because appreciable 
additional localized and general 
plastic deformation may occur in the 
development of the initially formed 
eracks. The deformed condition of 
the final, fractured specimen in- 
volves deformation before the begin- 
ning of fracture and additional 
localized and general deformation 
that occurs during the course of 
fracturing. 

The localized plastic deformation 
of cylindrical specimens during 
static torsion was studied by means 
of a network of lines, 0.02 in. (0.5 
mm.) apart, on the surface of the 
specimens. The process of loading 
was interrupted periodically to per- 
mit determination of the condition 
of deformation by study of the net- 
work of lines at a magnification ot 
27. The procedure permitted the 
study of deformation before and 
after the appearance of cracks, as 
well as after fracture. Deformation 
was uniform before visible cracking 
occurred, but it changed to nonuni- 
form localized deformation after the 
beginning of cracking in a manner 
that depended on the nature of the 
material. In all instances, however. 
the beginning of localized deforma- 
tion was associated with the begin- 
ning of fracture. 

Observation of the localized de- 
formation at the base of the notch 
in a Charpy-type specimen sub- 
jected to static loading did not lead 
to such clear-cut results. In this 
case the localized deformation only 
increased in amount during the 
process of fracture. 4.G. Gry 
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Cleaners 


that reduce pressure cleaning to a routine operation 


SC-2-E is a water-solvent emulsion that performs better than straight solvents, 
can be operated continually without any redeposition from the bath, provides posi- 


tive cleaning and long life. 


SC-4 is in the classification of high alkalinity materials buffered for use on non- 


ferrous metals . . . equally adaptable to steel. 
SC-9 provides the advantages of both alkali and solvent emulsions. 


Within the scope of these three spray cleaners, you will find the answer to any pres- 
sure cleaning problem. Compare the cost of these products with any other cleaning 
method. Whether your operation is a single stage or a multiple cleaning sequence, 
you will find these products equally economical and effective. Ask the Northwest 


man in your area for his recommendation or write to us for complete information. 
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. pioneers in pH cleaning control — serving you since 


UNSURPASSED 
QUALITY 


Combines the operating economies of 
large continuous furnaces with the 
flexibility of batch-type equipment. Positive, 
directed flow of furnace atmosphere through 
load, combined with the “heat capacitor” 
assures rapid, uniform heating on dense, 
bulk-loaded parts and even on light case 
work, 


PRODUCTION 


The Dow Furnace has established 
production records in plants through- 
out the country. Forced, uniform quenching 
from atmosphere gives full hardness, reduces 
distortion, eliminates decarburization. One 
man can operate two furnaces with ease, 
producing as much as 1500-Ibs. of light case 
work per hour 


-VERSAT 


Whether it's gas cyaniding, gas cor- 4 


burizing, clean hardening or carbon 


restoration work, the Dow Furnace is 

capable of processing a variety of parts 

having a wide range of heat treatments. To 

demonstrate the close tolerances of heat 
Reductions in direct labor, material handling, 
machining and cleaning costs, coupled with im- 
proved quality, have resulted in savings amortizing 
the original cost of the Dow Furnace in a few 


treatments, send us samples of your own 
parts for processing 

months. Gas cyanides for % to % the cost of 
liquid cyaniding. 


FIRST 

WITH MECHANIZED BATCH-TYPE 
CONTROLLED ATMOSPHERE FURNACES 
12045 Woodbine Ave. + Detroit 28, Michigan 
KEnwood 2-9100 
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Coating Moisture and 
Weld Cracking* 


HARDENABLE ALLOY steels 

with ferritic-type electrodes 
presents complex problems because 
of the difficulty of “pinning down” 
the welding procedure factor or 
factors which are the primary cause 
of trouble any particular in- 
stance. When this has been accom- 
plished the problem of control of 
the application becomes the all- 
important consideration. 

During World War IL the Navy 
Bureau of Ships, in attempting to 
utilize the NRC-2A type of ferritic 
electrode (Mn-Mo with covering 
formulation similar to the austenitic 
type) as a substitute for the aus- 
tenitic type in welding STS plate. 
obtained erratic and unpredictable 
results due to weld and bond-zone 
cracking. A study of this perform- 
ance resulted in the discovery that 
this erratic behavior was caused by 
moisture in the covering of the 
electrode, both that absorbed from 
the atmosphere and that available 
from chemical compounds in the 
covering itself. As a result of this 
discovery, a program was initiated 
to develop an electrode having 
operating characteristics equal to 
those of the NRC-2 A-type electrode 
but which would deposit weld 
metal of 85,000 to 95,000 psi. yield 
strength with 20 elongation in 2 
in. and have an impact transition 
temperature of less than —40° FL No 
restrictions were placed on chemis- 
try of the weld metal produced ex- 
cept that it was to be ferritic. 

Many alloy combinations were 
investigated, most of which met the 
tensile property requirements but 
fell short in meeting the weldability 
requirements. These entailed depo 
sition of satisfactory weld metal 
under a high degree of restraint at 
preheat and interpass temperatures 
of 0° F. Finally, a nickel-molybde- 
num-vanadium alloy combination 
was found which successfully met 
the weldability requirements but 
only one electrode manufacturer's 
coating formulation would do it. 
This necessitated a study of coating 
formulation and electrode process- 
ing with the result that moisture 
content of the covering was found 
to be of major influence in elec- 
trode performance. Baking at high 

(Continued on p. 15%) 

* Abstract of “Nickel-Molybdenum- 
Vanadium Alloy Steel Shielded Are 
Welding Electrodes (Low Hydrogen 
Tvpe)”, by E. H. Franks, C. T. Gay- 
ley and W. H. Wooding, Journal of 
American Society of Naval Engineers, 
Vol 62, August 1950. 
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we've built a 


GIANT 


...to produce high vacuum 
in bigger chambers—at 
less cost—than ever before 


Al you're producing one of the 
modern metals that has wonderful 
properties but can’t stand oxygen 

at high temperatures. Or maybe your 
problem is a large wind tunnel, a 
synchro-cyclotron, or a vacuum 


dehydration chamber for biologicals. 


You want to push out into the atmos- 
phere as much air or gas as possible at the 
lowest cost. You may need to exhaust 
down to 1/2000th of atmospheric pressure 


or as low as 1/75,000th of an atmosphere, 


DPi now supplies a series of non- 
mechanical pumps which can operate in this 
pressure range at rates well over 10,000 
cubic feet per minute, compressing air and 
gas to the point where mechanical pumping 
becomes highly efficient —to pressures 

as high as 10 mm Hg where needed 


If you will tell us your vacuum pumping 
requirements, we'll be glad to show you 
how these unique oil eyector pumps 

make possible a new order of operating 
economy for large high vacuum Sy stems. 


high vacuum Write Distillation Products Industries, 
research Vacuum Equipment Department, 


and engineering 753 Ridge Road West, Rochester 3, N.Y. 


(Division of Eastman Kodak Company). 


Also... vitamins A and E... distilled menoglycerides ... more than 3400 Eastman Organic Chemicals for science and industry 
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Hilger Quartz and 
Glass Littrow Spectrograph 
with JACO VARISOURCE 


] 


SLASH 
ANALYSIS TIME 
WITH 
CONTINUOUS 
WAVELENGTH 
REGION SELECTION 


! 


available only in HILGER 
Prism Spectrographs 


If multiple exposures per sample are hoarding time in 
your laboratory, the Hilger Spectrograph has just the fea- 


ture you have been looking for — 


continuous wavelength 


region selection. Instead of limiting settings to regions 
preselected at a manufacturer’swhim, the Hilger provides 
twist-of-a-knob wavelength selection to include lines you 
find most advantageous. Thus, you can often record all 


the information you want on 


one plate instead of two. To 
save even more time, the 
Hilger amtomatically focuses 
to any of the regions you select. 


Continuous Wavelength 1. 


Region Selection is only one 


, 2. Compact — complete lab in 
of the extra features a Hilger 15’ x 15" 
Quartz Spectrograph brings 3. Stigmatic image — no shift- 
you. Discover the other advan- ing of accessories 
tages — and the way they 4. High optical speed 
dovetail with your test and Sturdy alignment 
production analyses — by 6. Durable optics 
writing today for Catalog H-1. 7. Cheage from quart: to glass 


7 other advantages of the 
HILGER SPECTROGRAPH 


High dispersion and resolu- 
tion in critical U.V. areas 


optics is completely 
automatic 


JARRELL-ASH Company 


165 Newbury Street 
Boston 16, Mass 


Complete grating and prism spectrochemual 
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installations 


Coating Moisture and 
Weld Cracking 


(Continued from p. 152) 
temperature to reduce moisture 
content was found to be beneficial. 

Following this development 
another grade of electrode was de- 
veloped to produce weld metal of 
110,000 psi. minimum yield strength. 
The weldability requirements for 
this electrode were that it be suit- 
able for depositing satisfactory 
weld metal under conditions of 
very high restraint at preheat and 
interpass temperatures of 70 to 100° 
F. However, the impact properties 
of the weld metal were not as good 
us anticipated. 

Experience with the use of these 
electrodes at various shipyards in- 
dicated a general acceptance which 
was encouraging. In some instances 
a preference was indicated for this 
type of electrode over the 25-20 
austenitic electrode. The covering 
is essentially of a lime-titania type 
with an absence of organic or cel- 
lulosic materials. 

A comparison of the operating 
characteristics of this ferritic-type 
electrode with those of the austen- 
itic-type electrode shows that at the 
same welding current level the fer- 
ritic electrode has a lower burn-olff 
rate than the austenitic electrode. 
However, as the current is increased, 
the ferritic electrode improves in 
its are characteristics, whereas the 
austenitic electrode deteriorates. 
Deposition efficiency of both elec- 
trode types is about the same at the 
lower current values, but the fer- 
ritic electrode shows higher efli- 
ciency and considerably greater 
depth of penetration at optimum 


welding current (150 amp. for “s-in. 
electrode; 225 amp. for \:-in. elec- 
trode). Optimum for -in. austen- 


itic electrode is about 175 amp. 

An observed characteristic of 
this ferritic electrode is the forma- 
tion of a “crucible” or crater at the 
end of the electrode which suggests 
that the core wire melts off ahead 
of the covering. The depth of this 
crucible appears to be a direct 
function of welding current. This 
suggests an explanation for the 
observation that the visible me 
chanical are length decreases with 
increasing welding current at con- 
stant are voltage. 

The effect of moisture in the 
electrode covering on weld crack- 
ing was investigated using the Navy 
Circular Patch Test. As a result of 
this work a maximum moisture 
content of the covering of 0.2° by 

(Continued on p. 156 
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Why is the 


scrap 


situation so 


critical? 


An interview with J. L. MAUTHE, President 
The )}oungstown Sheet and Tube Company 


Why are you concerned about iron and steel 
scrap, Mr. Mauthe? 

Our inventories are critically low and 
the present scrap flow is not sufficient to 
maintain capacity steel plant operations. 
Furthermore, if the flow of scrap is not in- 
creased, a curtailment of steel production is 
inevitable. 

The industry is using all the pig iron and 
all the home scrap that is available. The 
balance of our metallic requirements must 
be made up through procurement of pur- 
chased scrap. Every ton of scrap that we do 
not get represents a ton of steel that we can- 
not make. 

How much scrap does the industry need? 

In 1950, 96,700,000 tons of steel ingots 
and castings were produced, requiring over 
61,000,000 tons of iron and steel scrap. 

In 1951, over 65,000,000 tons of scrap 
will be required, and even more will be 
needed in 1952 
Where does scrap come from? 

About 58°: of the total scrap required is 
produced by the ingot and casting makers, 
and is known as “home” scrap; the balance 
of 42‘. is “purchased” scrap and is procured 
from outside sources. 


Purchased scrap generally falls into two 
categories: Scrap from current fabrication 
and that which is the result of obsolescence 

There are three important sources from 
which we get obsolete scrap, much of which 
is dormant:- 

1 - Obsolete machinery and equipment 
in every industrial plant, at the oil 
fields and on the farms. 

Battlefield scrap, obsolete ships and 
war material, surplus machinery 
and equipment, which government 
can make available 
Countless old automobiles and 
trucks, which are rusting away in 
automobile wrecking yards in every 
section of the country. 
What can be done to increase tonnage of 
purchased scrap? 

This scrap must be made available im- 
mediately! All industry and government 
must awaken to the critical nature of the 
situation. They must realize that if we do 
not get the scrap, they will not get the steel! 


YOU CAN HELP - YOU MUST HELP! 
NO SCRAP - NO STEEL 


The Youngstown Sheet and Tube Company - Youngstown, Ohio 
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CHEMICALLY RIGHT 
PHYSICALLY RIGHT 
METALLURGICALLY RIGHT 


ARCOS Quality Controls on Stainless Electrodes 


assure you all three! 


When you put Arcos Chromend or Stainlend Stainless Elec- 
trodes to work on a critical welding job, you want to be sure 
of consistent, dependable results. That’s why every Arcos 
Stainless Electrode is tested and retested throughout its man- 
ufacture. Before it ever reaches your hands it must meet the 
most critical specifications in the electrode industry. It's your 
assurance of better weld metal . . . improved welding per- 
formance . . . lower weld costs. 


ARCOS CORPORATION 
1500 S. 50th Street, Philadelphia 43, Pa. 


WELD WITH 


Specialists in Stainless, Low Hydrogen and Non-Ferrous Electrodes 
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Coating Moisture and 
Weld Cracking 


(Continued from p. 154) 
weight was established for satisfac- 
tory operation of the 110,000-psi. 
vield strength electrode. Since this 
type of electrode covering will ab- 
sorb moisture when exposed to hu 
mid atmosphere, it was established 
by a series of tests that baking for 
an hour or more at 900° F. will re 
duce the moisture content to within 
the maximum limit of 0.2°. How- 
ever, a higher baking temperature 
is not recommended because of the 
danger of oxidizing the ferro-alloys 
in the covering. 

A study of the effect of joint 
geometry on weld metal soundness 
indicated that the root) opening. 
with a 60° Double-V groove, should 
be not less than in. nor greater 
than the electrode diameter (core 
wire diameter). This suggests that 
good fit-up is essential if satisfac 
tory butt welds are to be obtained 
with this Ni-Mo-V-type low hydro- 
xen ferritic electrode. Where fillet 
welds are involved it is important 
that the plate surfaces be cleaned 
prior to welding to avoid porosity 
in the welds. 

It was determined that in depos- 
iting the root layers of butt joints 
it is essential that layer contour 
have some degree of concavity and 
wash up on the sides of the scarf to 
avoid re-entrant angles at the june- 
tion with the searf face. These re- 
entrant angles are conducive to 
formation of heat-affected zone 
cracks. W. L. Wanner 


Spheroidal Graphite in 
Cast lron* 


5 METHOD of quenching alloys 
in the course of their solidifica- 
tion was used to study the erystal- 
lization of cast iron with spheroidal 
graphite. The cast iron contained 
3.5 to 3.7% carbon and 2.2 to 2.5% 
silicon and was modified using 
Elektron metal by the method de- 
seribed by Mil’man in 1949. 
Cylindrical specimens 20° mm. 
(0.79 in.) in diameter were slowly 
cooled in a furnace or in a sand 
mold until they were partially so 
lidified. Water quenching was then 
used to convert the remaining liq- 
uid to ledeburite, which could be 
identified under the microscope. 
*“Crystallization of Cast Iron Wit! 
Spheroidal Graphite”, by K. P. Bunir 
and G. I. Ivantsov, Doklady Akademii 


Nauk SSSR, Vol. 72, 1950, p. 1051- 
1053. 
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Study of such specimens showed 
that the graphite grows, basically, 
in the eutectic temperature inter- 
val. At higher temperatures only a 
negligible portion of the graphite 
erystallizes. The authors state there 
is possibility that nonmetallic 
inclusions may have a_ certain 
amount of influence in the nuclea- 
fion of graphite. 

The growth of flake graphite in 
the melt is difficult, and even in the 
early stages the graphite particles 
acquire a spherical form. This be- 
havior is dependent on the presence 
of magnesium in the melt, since on 
decreasing the magnesium concen- 
tration there is a tendency toward 
the growth of flake graphite. 

In the beginning of the eutectic 
interval, the graphite particles are 
overgrown with a continuous coat- 
ing of austenite. In the process of 
eutectic transformation the graphite 
particles grow in the austenite 
without having contact with the 
liquid, because as they grow the 
austenite coating becomes thicker. 
Eutectic decomposition ends with 
the complete transformation of the 
liquid into a mixture of austenite 
and spheroidal graphite. the 
process of flake graphite formation, 
on the other hand, both graphite 
and austenite are in contact with 
the liquid. 

Cause of the diffusion of carbon 
through the austenite from the liq- 
uid to the graphite was explained 
as follows: If the eutectic decom- 
position of the liquid proceeds at a 
temperature below the cutectic 
range, then the laver of austenite 
separating the graphite and liquid 
will be nonuniform chemically. The 
austenite in contact with the liquid 
will have a composition corre- 
sponding to metastable equilibrium 
between austenite and liquid, while 
the austenite in contact with the 
graphite will have the lower equi- 
librium carbon content. 

However, the form of the graph- 
ite particles and their rate of 
xrowth are determined not by the 
process of carbon diffusion, but by 
the process of moving away of the 
iron atoms from the erystallization 
front of the graphite, thus increas- 
ing the hollow in the austenite for 
holding the graphite. The latter 
process, which depends on the self- 
diffusion of iron, is slower by a fac- 
tor of 104 than the diffusion of 
carbon. The vacancies involved in 
the “hole” process of diffusion are 
pictured as flowing from the sur- 
face of austenite solidification to 
the crystallization front of the 
xraphite. 

(Continued on p. 158) 
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Use ARCOS Low Hydrogen Electrodes * Save Critical Alloys 


There’s nothing experimental about welding high 


ARCOS tensile steels with Arcos Low Hydrogen Electrodes 
LOW HYDROGEN They've all been tested by time and service on 
ELECTRODES armor welding as well as commercial applications 
Tensilend 70 Since original development in 1942 the Arcos 
Tensilend 100 “family”’ of Low Hydrogen Electrodes has grown 
Bremen 120 to be one of the most complete. 
anganend 1M 
Manganend 2M Every time you use low hydrogen electrodes in 
Nickend 2 place of stainless on welding high tensile steels, 
Chromend 1M 
Chsenend 24 you'll be conserving many of the critical alloys so 


vitally needed today. 
ARCOS CORPORATION .- 1500 South 50th St., Philadelphia 43, Penna. 


WELD WITH 


Specialists in Stainless, Low Hydrogen and Non-Ferrous Electrodes 


DECEMBER 1951; PAGE 157 


4 
Ny 
S 
a 
g 
ay | 
- 


When you need readily re- 
movable, embedded Thermo- 
couples; and, you must make 
frequent changes of thermocouple- 
Pyrometer circuits, use Thermo 
Electric's Bayonet Immersion 
Contact Thermocouples and Con- 
nector Panels. You can be sure 
of obtaining accurate tem- 


perature readings, quickly. 


Pat. Pend. Type 2A07D Iron 
Constantan Bayo- 
net Immersion Con- 

tact Thermocouple with 


Quick Coupling Connector. 


Type JBW 

Connector Panel 

with FS Conduit 

Box for 1, 2,3, 40r5 


thermocouple circuits 


Spheroidal Graphite in 
Cast Iron 


(Continued from p. 157) 

Under these conditions the form 
of the graphite particle is not de- 
termined by the structure of grapii- 
ite but by the shape of the hole 
created) by self-diffusion in the 
austenite. An existing hole would 
grow into a sphere and thus lead 
to a spherical graphite particle. 

Thus, to successfully obtain 
spheroidal graphite particles it is 
not sufficient to prevent the forma 
tion of flakes of graphite in the 
erystallization of the liquid, a result 
produced by magnesium, but it also 
is necessary to free the growth of 
the graphite particles within the. 
austenite. This can be done by ac- 
celerating the self-diffusion of the 
iron atoms. One means of doing 
this is by increasing the silicon. 

According to the authors, an in- 
correct picture of the influence of 
silicon on graphitization has ex- 
isted until now. This effect occurs 
not only because of the influence 
of silicon on carbide stability and 
earbon diffusion velocity, but often 
because of its influence on_ self- 
diffusion of the iron atoms in aus- 
tenite through a decrease in the 


Experimental 
verification of this effect has been 
obtained in the author's laboratory. 
If there is insuflicient silicon in the 
cast iron, the growth of the graph 
ite within the austenite stops and 


activation energy. 


white iron ts obtained. In this case 
it is possible to convert white iron 
to gray iron with spheroidal graph 


ite by slow cooling in the solid 
state. The mechanism of such 


graphitization will not differ essen 
tially from that described above. 
the source of carbon being carbide 
rather than liquid. A. G. Guy 


Oxidation in the Presence 
of Molybdenum Oxide* 


auTHORS attribute the rapid 

oxidation of metals and alloys 
in the presence of MoO, to the 
formation of liquid oxide phases in 
contact with the metal. Tests were 
conducted on copper, 8% alumi 
num-bronze, iron, nickel, 25% chro 
mium steel, 19-9SCb, silver, and «a 
4° aluminum-silver alloy. The 

(Continued on p. 160) 

*Abstract of “Rapid Oxidation of 
Metals and Alloys in the Presence of 
MoO,”, by G. W. Rathenau and J. L 
Meijering, Metallurgia, Vol. 42, 1950, 
p. 167-172. 


For complete descriptions 

of our many types of Thermo- 
couples, Quick Coupling Connectors, 
Panels, Lead Wires and Accessories, 


Write for Catalog 


FAIR LAWN 


METAI 


Oil- or Gas-Fired 

32 Sizes in Single, 
Double and Triple 
Chamber Types 


2-Less Heat Radiation 


for 
Heavy Duty 

Contin uous 
Service 


The Finest Type for 
Board Hammer Work 


1- Low in Fuel Cost 
because of heavy 
construction 


on Hammer Men 


3 - Controlled Combustion 


Minimizes Scaling 


4-Also for Heating for 


Forming, Pressing, Bending 
Write for Catalog 


W. S. ROCKWELL COMPANY 
FURNACES * OVENS + BURNERS * VALVES * SPECIAL MACHINERY 
204 ELIOT STREET © FAIRFIELD, CONN. 


| 
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§ 
OCKWELL 
- FORGE 
FURNACES 
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es 
Ther mo WEW JERSEY IFS 
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Use this Personalized Program 


Call 


to get more output ‘in a shorter time! 


Here's a program, brought right to your 
shop door, that can produce tooling results 
that will honestly surprise you 


It's a program designed expressly for the 
plant that makes or uses tools and dies. \t 
offers proven methods for squeezing more 
output from present equipment... new 
ideas to shorten tooling cycles, smash 
production bottlenecks and train appren- 
tices faster. It's yours at no extra cost, 
when you ask the Carpenter representative 
to bring it tO you 


What backs this Carpenter program ? 
Plenty! The benefits of painstaking tool 
and die research brought to you in a series 


of Service Bulletins. Over a half-century 
of experience in applying steels, presented 
in Carpenter's Matched Tool and Di 
Steel Manual. Tips that take headaches 
from heat treating, found in Carpenter's 
new Heat Treating Slide Chart. Modern, 
tisual methods for refreshing skilled men 
and training apprentices, 
Carpenter's new slide films 


All this plus mill metallurgical coop 
eration that is second to none. All this 
walks into your plant when you call your 
Carpenter representative. Try it be 
convinced. THE CARPENTER STEEI 
COMPANY, 133 W. Bern St., Reading, Pa 


yours in 


’ del Carpenter Representative for this Personalized Program on 


. 
DON'T WAIT...- 
525 COOPERATE! 
4 The US Needs Your * 
Steel Scrap, 


| MATCHED TOOL & DIE STEELS | | MATCHED TOOL & DIE STEELS | & DIE STEELS tie, 


Export Department : Carpenter Steel Co., Reading, Pa.—‘‘CARSTEELCO 


Mill- Branch Warehouses and Distributors in Principal Cities Throughout the U.S.A. and Canado 


DECEMBER 1951; PAGE 159 


WHEREVER TOOL STEELS ARE APPLIED... a 
t 
| 
enter 
j 


FURN 


furnace plays a major 


kinds. 


39 River St., Dept. 7 


ELECTRIC 


Shown above is a p tering 
furnace used in the laboratory of a well-known metal products 
manufacturer for research in powder metallurgy. This Harper 


| Cementing 
Normalizing 
\ Sintering 


ACES 


FOR 


Special process furnaces, for research and continuous produc- 
tion of parts requiring hydrogen atmosphere with very low dew 
poke at temperatures reaching 3000 °F and above, are designed 

y Harper Engineers to meet rigid heating requirements. 


Harper 


part in the developing and control testing 


of powdered metals used in production of metal parts of all 
Write for information on special process furnaces to 
meet your rigid heating requirements. 


HARPER ELECTRIC FURNACE CORPORATION 


Buffalo 2, N. Y. 


If it has to be heat 
treated, pickled 
plated, anodized 
washed or bulk 
handled. 


Avoid the costly misteke of using the 
wrong containers, baskets, trays or fix- 
tures—call the Stenwood man in your 
locality. He'll see you promptly with 
the cost cutting facts—whatever your 
heat treating or parts handling job. 
CALIF., Hollywood 28-Lloyd J. Bohan, 

pan od N. Vine Street, Phone Granite 


IND., Indianapolis 1—William McAtee, 626 
DeQuincy Street, Phone Irvington 
1483 

MASS., Brookline 46—Harry I. Dixon, Met- 
allurgical Products Co., 11 Beacon 
Street, Phone Longwood 6-8093 

MICH., Detroit 4—C. C. Miller, 8186 Liv- 


ernois Avenue, 
CARBURITING 
sores 


Phone Tyler 5-3338. 
fixtures 
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4817 W. Cortland St., Chicago 39, Ill. « Ph: Berkshire 7-5000 


MINN., St. Paul 4—A. A. Gustafson, 2580 
University Avenue, Phone Midway 7630 

N. Y. City 1-R. B. Steele, 254 W. 31st 
Street, Phone Longacre 53-5296 

N. Y., Syracuse 2-J. R. Stewart, 300 Uni- 
versity Bldg., Phone 2-9686 

OHIO, Cleveland 18—C. P. Critzer, The 
Case Hardening Service Co WO91 May- 
field Road, Phone Fairmount 1-3533 

OHIO, Dayton 9—Harold L. Rogge, 2415 
Fairmont Avenue, Phone Walnut 4303 

PENNA., Pittsburgh 19—R. A. Schmidt, 404 
Frick Bidg., Phone Court 1-2310 

TENN., Memphis 7—Eugene §. Craig, 1101 
Poplar Avenue, Phone 2-5777. 

TEXAS. Houston 3—B. F. Coombs, P. O. 
Box 18038, Phone Wayside 7189 

WIS., Milwaukee 2—Robert M. Onan, Col 
by-Abbott Bidg., 759 N Milwaukee 
Street, Phone Broadway 2-5285 


QUENCH 


atrorts 


Oxidation in the Presence 
of Molybdenum Oxide 


(Continued from p. 158) 
specimens were heated at various 
temperatures in contact with MoO 
and the extent of the oxidation was 
measured by loss in tensile strength 
of the Metallographic and 
X-ray studies were also made. 

Oxides of the metals were heated 
with molybdenum oxide to deter- 
mine eutectic arrests. Arrests at 
735 and 500°C. were found with 
CuO and respectively. The 
addition of Al,O, to the latter mix- 
ture decreased the arrest tempera 
ture 5° C. Oxidation of copper in 
contact with MoO, increased rap 
idly at around 530° C. while that of 
the 8 aluminum-bronze at 
470° C. 

A MoO,-MoO, eutectic was ob 
served at 778° C. Additions of Cr.O 
lowered it to 772°C. and NiO addi- 
tions to 764°C. MoO, with 8% 
MoO,, 6% FeO and 6° Cr.0, 


wires, 


about 


showed an arrest at 705° C.. which 
is the lowest arrest temperature 
observed for these oxides. Oxida- 


tion of nickel, 25°° chromium steel 
and 19-9SCb increased rapidly at 
about 775, 770 and 740° C., respec- 
tively. The 19-9 wires oxidized both 
with and without MoO, and showed 
intererystalline penetration. 

Silver oxidize 
sec, of the high 
pressure of its oxide. Oxication in 
the presence of MoO, was observed 
by the authors. The foreign oxide 
stabilizes the Ag.O and oxidation 
proceeds. 

The authors state that liquid ox- 
ides cause abnormal oxidation be- 
cause a liquid til forms at grain 


does not above 


because vapor 


boundaries of the oxide and at the 
interface metal and 
oxide. Diffusion and convection in 
a liquid are, of course, very rapid, 
allowing speedy oxidation. 


between the 


COMMENTS BY THE KEVIEWER 
The reviewer believes that Rath- 
enau and Meijering are taking too 
view of the problem of 
rapid oxidation. Their paper indi- 
cates that the rapid oxidation is 
due entirely to a slagging action. 
For example, they express surprise 
that Leslie and Fontana’s @ paper 
(Transactions, American Society 
for Metals, Vol. 41, 1949, p. 1213) 
and the discussion do not mention 
the presence of liquid oxide forma- 
tion. The Leslie and Fontana inves- 
tigation did not observe liquid 
oxides and their mechanism does 
(Continued on p. 162) 
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and 

“good will 

towards men”. Good 

will is never 

out of season and is 

a year-round responsibility 

to our customers. 

Each year we answer the 

challenge every leader must 

face — to earn and justify again the 
quality of our product. 

By whatever standard you measure 

HEAT and CORROSION resistant 
castings, you'll be satisfied with ACCOLOY 
superiority. Take advantage 

of our improved casting technique 

to offset Government restrictions on the 
use of critical alloys. You'll find that 
ACCOLOY castings are “preferred by industry”. 


aud New Year! 


WEAT RESISTANT CASTING 


ALLOY ENGINEERING & CASTING COMPANY 


ALLOY CASTING CO. (Div.) 
CHAMPAIGN e ILLINOIS 


ENGINEERS AND PRODUCERS OF HEAT AND CORROSION RESISTANT CASTINGS 
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RELY ON Joga, 


Ultrasone 
REFLECTOSCOPE 


TEST NEW MATERIAL ot the mill to 
improve quality and customer accept- 
ance. TEST METALS PRIOR TO PROCES- 
SING, MACHINING AND FABRICATING 
to avoid wasted machine time and man- 
hours resulting from faulty materials. 
QUALITY CONTROL of work in process. 
MAINTENANCE INSPECTION to detect 
fatigue fractures. MEASURE PHYSICAL 
DIMENSIONS. Rely on the ultrasonic 
Reflectoscope to provide accurate inspec- 
tion—instantaneously at low cost. Reflect- 
oscopes are available for sale, for rent 
or lease. 


WRITE FOR THIS 
BULLETIN TODAY! 


LEARN HOW TO ga 
and SAVE DOLLARS ls 


SPERRY =. 
Products, Inc. 
DANBURY, CONNECTICUT 
Please send me the following: 

() REFLECTOSCOPE BULLETIN 50-105 

(1) NAME OF NEAREST REPRESENTATIVE 
NAME 
TITLE 
COMPANY 
CO. ADDRESS 
city ZONE STATE 


SPERRY ALSO MANUFACTURES 
COUPLINGS, HYDRAULIC CONTROLS 
AND OTHER TESTING EQUIPMENT 
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Oxidation in the Presence 
of Molybdenum Oxide 


(Continued from p. 160) 
not require the formation of liquids. 

The slagging effects of molten 
oxides have been known for many 
years. Rathenau and Meijering 
merely show that MoO, can act as a 
component in one of these slags or 
oxide mixtures. I believe there are 
two distinct mechanisms that could 
contribute to the rapid oxidation in 
the presence of MoO,, namely: (a/ 
attack in the absence of molten slag 
that proceeds according to the 
mechanism proposed by Leslie and 
Fontana and (b) the localized at- 
tack involving molten slag. 

The slag theory does not present 
a complete picture because it fails 
to explain (1) the absence of attack 
in a moving or circulating air at- 
mosphere and (2) the concentra- 
tion of the rapid oxidation at points 
of concentration of MoO. vapor. 
Further support for item (2) was 
presented by Fontana in /ndustrial 
and Engineering Chemistry, Vol. 
42, 1950, p. 65A-66A that reported 
on study of vanadium oxide. 
Specimens of steel were semi-im- 
mersed at a 45° angle in molten 
vanadium oxide. The greatest at 
tack occurred at the liquid line on 
the underneath portion of the speci- 
men or the “pocket” wherein vana- 
dium oxide vapors could collect and 
were stagnant (similar to the re- 
sults observed with MoO.,).  Inei- 
dentally, no differences in attack 
were observed between freshly 
abraded specimens and those with 
previously formed iron oxide scale. 

Rathenau and Meijering infer 
that their work and the Leslie and 
Fontana. investigation were  con- 
ducted at the same time. This is 
probably not the case because most 
of the Leslie and Fontana work was 
done in 1947 and presented during 
the 1948 National Metal Congress. 
M. G. Fontana 


Strains and Stresses* 


HE STRESS AND STRAIN conditions 
during elastic deformation § of 
notched metal specimens have been 
studied in detail. However, in most 
instances plastic and elastic de- 
formation occur prior to fracture, 
even in the presence of a sharp 
(Continued on p, 16%) 


*Abstract of “Concentration of 
Strains and Stresses at Large Plastic 
Strains”, by Ya. B. Fridman and T. 
K. Zilova, Doklady Akademii Nauk 
SSSR, Vol. 73, 1950, p. 1185-1188. 


“aN three available in 
GORDON 
THERMOCOUPLES 


z 
A background of many years of 
experience and “know-how” go 
into the production of Gordon Ploti- 
| num, Plotinum-Rhodium Thermocou- 
t ples. From this experience has 


evolved the Gordon policy which 

i calls for the utmost in quolity and 
service, the utmost in value to clients. 
That is why Gordon platinum wire 
is corefully checked for thermocou- 
ple accuracy against o master ther- 
mocouple...calibrated and certified 
by the Nationol Bureau of Standards. 
The porcelain insulation and pro- 
tecting tubes which go into a com- 
plete thermocouple assembly are of 
the finest quality obtainable. They 
are the best known means of pre- 
venting contamination of the ele- 
ments which result in false e.m.f. values, 
Also, the Gordon G-142 head which goes 


G 142 HEAD ge INNER PRIMARY TUBE 


TUBE 


into a complete thermocouple assembly is 
light in weight and permits easy replace- 
ment of new elements into a protecting tube 
assembly. 

The Gordon Policy —highest quality 
and standards of material — plus Gordon 
craftsmanship at the lowest possible price. 


Write now for full information ond price list. 


‘GORDON: 
SERVICE? 
CLAUD S. GORDON CO. 


Manufacturers & Distributors 
Thermocouple Supplies « Industrial Furnaces & Ovens 
Pyrometers & Controls + Metallurgical Testing Machines 
Dept. 15 + 3000 South Wallace St., Chicago 16, II! 
Dept. 15 + 2035 Hamilton Ave., Cleveland 14, Ohio 


| 
| 
| 
| 
TUBE 
4027 ADAPTOR tant 
| 
| 
CC 


BORON STEELS 
plus values 
are secured 


Plus values in effectiveness and in uniformity of results are 
obtained by the production of boron steels with Grainal alloys, 
for these alloys are composed of boron plus other carefully 
selected elements. 


These additional elements... by combining with excess nitro- 
gen and oxygen... enable the boron to function most effectively 
and thus consistently secure maximum benefits. 
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YOU'VE GOT 
TO BE SURE OF 
YOUR HARDNESS 
.. INSIST ON 


TEST BLOCKS 


Your hardness tester is 


useful only when you 


are sure it is giving you 


accurate, dependable 


readings. You can rely 


on the accuracy of 


tester 


your hardness 


when you check it reg- 


ularly with CLARK 
standard test blocks. 
CLARK test blocks, 


in various hardness 


grades, provide a 


quick, sure and simple 


method of assuring ac- 


curate hardness tester 


reading. 


INSTRUMENT, INC. 


10200 FORD ROAD 
DEARBORN, MICHIGAN 
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Strains and Stresses 


(Continued from p. 162) 
notch. The plastic deformation 
may be highly localized and may 
not be visible on macroscopic ex- 
amination of the fracture. 

Brittleness in which microscopic 
(localized) plastic deformation oc- 
curs is associated with either shear 
or tensile fractures and can be ob- 
served in ductile metals under con- 
ditions of irregular deformation or 
in the presence of notches. 

The concentration of deforma- 
studied on plane and 
eyvlindrical specimens using the 
method of a network of surface 
lines. The stress coneentration in 
the clastic 
these 


tion was 


range was known for 
specimens. The load was 
gradually increased until fracture 
occurred, and, at each step in load- 
ing, the network of lines was exam- 
ined at 

From the local shift of the net- 
work, the coetlicient of concentra- 
tion of deformation was calculated 
as the ratio of the maximum shift 
to the average shift. Then, from the 
experimental curve of deformation 
in torsion, the equation t,,, 
f( Was derived for specimens 
of copper and duralumin subjected 
to tangential From. the 
curves of shift and stress it was 
evident that completely 
plastic metals, such as copper, and 
in the presence of extensive plastic 
deformation nearly to the point of 
fracture, concentrations of stress 
and of deformation remained. Non- 
uniform deformation in the notched 
eross section was evened out only 
after completion of fracture. 

An increase in local deformation 
near a stress concentrator decreased 


stresses. 


even in 


local deformation in the region im- 
mediately adjacent. The “relieved” 
or less deformed zone, known in 
notched specimens as the elastic 
region, is retained after transition 
to large plastic deformations. Re- 
lieving used in 
plastic as well as in brittle materi- 
als in some applications. 

In a deeply notched cylindrica! 
specimen pulled in tension it) was 
found that the local plasticity 
(measured on a base network of 0.5 
nin.) was about four times as large 
us the average deformation deter- 
mined by the reduction in area of 
the notched cross section in both 
aluminum and an annealed steel. 
Therefore, the usual method of 
measuring plastic strain does not 
give a true measure of the localized 
deformation. 


grooves may be 


A. G. Guy 


Precise 


TEMPERATURE 


MEASUREMENT 


is one of the 

many applications of the 

TYPE B HIGH PRECISION 
POTENTIOMETER 


«+.@ general purpose potentiometer with 

a number of notable refinements, suiting 

it particularly to thermocouple work. 

Distinctive features include: 

© Three ranges —0 to 16 millivolts, 0 to 
160 millivolts and 0 to 1.6 volts. 

Three reading dials—effective scale 
length of approximately 175 feet for 
each range. 

© Subpanel switch and slidewire construc- 
tion for protection of contacts from dust 
and corrosive fumes. 

© Special provisions to minimize parasitic 
thermal emf's — including automatic com- 
pensation of slidewire thermals and 
gold contacts in galvanometer key. 

Excepti le 
adjustment. 

* Solid and substantial construction for 
many years of trouble-free service. 


ein reading and 


| for other critical measurements of D.C. 


This standard laboratory potentiometer 
is also well suited for meter calibration, 
for checking portable potentiometers, and 


potentials requiring exceptionally high 
accuracy. 
Described in Bulletin 270 


SPOTLIGHT GALVANOMETER 
FOR SHOP AND LABORATORY WORK 
© Sturdy, short period 
© Sensitive (up to 1.5 HV per mm.) 
Multiple-refiection optical system 
© 100-Millimeter scale 
*e For null or deflection measurements 
Described in Bulletin 320 


RUBICON COMPANY 


Electrical Instrument Makers 
3758 Ridge Avenue * Philadelphia $2, Pa. 
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GLOBAR elements used in HAYES Furnace to assure 


DEPENDABLE SERVICE 


during peak loads 


This C. |. Hayes Inc. continuous pusher type 
furnace is used for heat treating high speed 
steel tools. GLOBAR non-metallic heating 
elements contribute substantially to the 
efficient design and operation. 


GLOBAR silicon carbide heating elements provide an 
ample margin of safety at the normal operating tem- 
perature of this heat treating furnace. Peaks in produc- 
tion are handled without danger of costly breakdowns. 
Dependable performance and low maintenance cost 
on regular production schedules are assured. Simplicity 
of furnace design and construction provide fast, sim- 


ple element installation ...even while the furnace is 
at temperature. Heating is clean, silent and safe. 


For more detailed information on the installation and 
operation Of GLOBAR non-metallic heating elements, 
write Dept. yp.21, The Carborundum Company, 
GLOBAR Division, Niagara Falls, New York. 


GLOBAR Elements 


sy, CARBORUNDUM 


TRADE MARK 


“Carborundum™ and “Globar” are registered trademarks which indicate manufacture by The Carborundum Company 
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Every designer must 
be something of a 
metallurgist 


Here are 72 pages packed with 

information of vital signifi- 

cance to engineers faced with 

the design, selection and treat- 

ment of steel components to 

give a specified service at mini- 
mum cost. 

Besides dealing with scien- 
tific design, the book gives im- 
portant metallurgical data, all 
compiled from the designer’s 
viewpoint. Free on request. 


m satisfaction 4 


Please send your § 
FREE BOOKLET 
Kevs To SATISFACTION 
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Ceramic Coatings 


(Continued from p. 91) 
which excludes the product causing 
corrosion. However, 17-14 Cu Mo 
formed a loose scale which did not 
prevent attack by corrosive media. 

N-155-. The header made from 
N-155, after 1098 hr., shows heavy 
grain boundary precipitation and 
agglomeration of secondary phases 
within the grains. The hot interior 
surface is shown in Fig. 7 (p. 91); 
a white decarburized layer is also 
evident. The heavy precipitation 
reduces the ductility, and a 35 to 
40° bend results in a brittle frac- 
ture. After 1623 hr. in test, the 
N-155 header was badly pitted from 
high-velocity blow-by of exhaust. 


CONCLUSIONS 


The tests described above indicate 
that presence of the ceramic coating 
on the 19-9DL headers successfully 
protected them from deterioration 
from oxidation, carbon absorption 
and corrosion attack for the test pe- 
riods and under operating tempera- 
tures up to 1800° F. Additional and 
continued testing is being conducted 
by the Ryan Development Labora- 
tories, but it is now becoming defi- 
nitely established that ceramic 
coatings are beneficial in extending 
the life of the heat and corrosion 
resistant alloys where oxidation and 
corrosion are major problems. 

While investigators are not as 
vet in agreement as to the effect of 
lead compounds in high-octane gas- 
oline on the life of metal subject to 
their hot combustion products, the 
rapid deterioration of the austenitic 
grades of stainless steel conducting 
the products of leaded fuels is due 
to high rates of carbon absorption 
with resulting surface embrittle- 
ment and loss of corrosion resist- 
ance, Enameling prevents. this 
carbon absorption and provides a 
major improvement in life of these 
structures. The ceramic coatings 
are persistently adherent to the 
metal’s surface, even though they 
change in appearance and are al- 
most impossible to detect except by 
spectrographic analysis. 8 


Tests in Lead 
Bromide Vapors 


ECHNICAL NOTE 2380, N.A.C.A., 
cited in the footnote on p. 87, 
describes tests which parallel Mr. 
Hubbell’s, and warrant brief de- 
scription. The authors, Moore and 
(Continued on p. 168) 


MARTINDALE 


ROTARY BURS AND FILES 
Made of high-speed steel. Produced 


in our own factory where uniform hard 
ness is assured by heat-treating in elec- 
tric furnaces on which the temperature 
is closely controlled by electric eyes. 


Set AB (Burs) AP (Files) 

Sets AB & AF Per Set 
$11.05 net 
2to ll sets.... 9.75 net 
12 or more . 8.45 net 


The above sets, with 4%” diameter 
shanks, are composed of the 8 most 
popular sizes for general use. 

Over 200 sizes and shapes (total over 
75,000 pieces) are carried in stock for 
immediate shipment. 


METAL-WORKING SAWS 


Made of 18-4-1 High Speed Steel in 
4 types for ferrous and nonferrous metals. 
Diameters range from 134” to 4”. 


“MOTOR-FLEX” 
GRINDERS 


These high- 
quality, port- 
flexible- 
shaft tools are 
made in 7 
types for oper- 
ationon bench, 
floor, or over- 
head. 


Philadelphia 
Jan. 14-17 


Write for 64-page Catalog No. 28 
covering above and many other products 
for maintenance, safety, and production. 


MARTINDALE ELECTRIC CO. 


1372 Hird Avenue, Cleveland 7, Ohio 


—— 
3 
| € | 
| 
| 
Climax Molybdenum Company 
| 500 Fifth Avenue - New York City ey 
= 
TH 
VISIT OUR BOO 
— i. Ane 


INDUCTION, DIELECTRIC & FOUNDRY 
CORE BAKING EQUIPMENT 


INDUCTION 
HEATING 
EQUIPMENT 


“gym end specially tooled production units for its 
More than 1500 installations throughout the world — 


INDUCTION HEATING CORPORATION 


181 WYTHE AVENUE BROOKLYN 11, N. 
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Tests in Lead DOLPH 


Instant (Continued from p, 166) _ 


and Mason, covered xX sam- 
| ples of 18-g. sheets with Bureau of 
Accurate Te Standards’ ceramic coatings A-417, 
oi A-19 and A-520. Metals were 19-9 
DL, Inconel (78 Ni, 14 Cr, 7 Fe), 
Reading ee Haynes Stellite 21 (62 Co, 28 Cr, 
5.5 Mo, 2.5 Ni, 1 Fe, 0.2 €), S-816 
of Air (44 Co, 20 Cr, 20 Ni, 4 Mo, 4 W, 
4 Cb, 3 Fe, 0.4 €), and A.LS.1. 
stainless Type 347 (18 Cr, 10 Ni, 
Velocities 0.8 Cb, 0.08 Specimens were 
oe | | dip coated in the enamel, fired, “Using the Right Cutting Fluid Would 
ae’ oie. and suspended in a small crucibl Eliminate a Lot of Time and Money 
- furnace, electrically heated. The Wasted Changing Cutters” 

atmosphere contained PbBr., gas 
in considerably higher concentra- There are literally thousands of ex- 
tion than encountered in air en- amples to prove how the right ap- 
gine exhausts. Temperatures of plication of the right cutting fluid 
tests were 1350, 1500 and 1650° F, 
one which will help you realize the 


opportunities afforded by an open- 
minded look at your cutting fluids: 


Each test consisted of six suc- 
cessive heatings of 1 hr. each; 
at hourly intervals the samples 
were removed, a portion sand- 
blasted free from corrosion prod- 


: < @ THE JOB: Generator machining a 1” dia. 
uct and its’ thickne measured. 


Chemical attack was assumed to goer, 
be related to the decrease in thick 
ness. Check specimens were run COMPARISON OF CUTTING FLUID PERFORMANCE 
bare (sandblasted) and also after Stuort’s 
pre-oxidation at test temperature. 
VELOMETER The lead is added to the gaso- 
line as tetraethyl lead and at the overage average 
sume time ethylene dibromide is | Finish Passable Sotistoctory 
If you have a problem involving introduced. The purpose of the Oil dilution None 4t01 
measurement of air velocities, ethylene dibromide is to act as 
take a tip from production men a seavenging agent, that is, to L_mochine 42c/ oot 27.2¢ gol 
in almost every industry who convert the PbO. 
depend on rugged, accurate 


| 
| 


ic Downtime 
which w ould during test 2% hours None 


otherwise be formed during com- 
Alnor Velometers. This preci- bustion, into PbBr., which has a 
sion-built, self-contained, port- considerably higher vapor pres- Think of the increase in cutter 
able instrument gives instant, sure than lead oxide and is there- life (cost about $86.90 each). Be- 
accurate readings anywhere— fore using Stuart's ThredKut they 
in plants, mines, mills or labora- were reground 91/2 times as often. 
° Add to this the saving in downtime 
tories. Measures speed of flow Confining this summary to some and the saving in cutting fluid price 
through ducts, grilles, furnaces results of tests at 1500° F. for 6 hr., and you'll see why “Rudolph is 
o in the open. Needs no calcu- it was noted that the bare samples Right.” 
lations or reference charts—any- in all instances corroded at the Write for your copy of Stuart's 
one can use it and get aoeurate highest rate. Pre-oxidation always Shop Notebook—a bi-monthly pub- 
readings. Available seen wide cut this corrosion somewhat; re- lication devoted to the selection and 
range of scales, and with a wide ductions were 20 to 30% for In- application of metal-working lubri- 
assortment of jets and fittings if conel, Haynes Stellite 21, and 19-9 
neoded. You full details DL; from 5 to 10° for stainless 
end write fer Bulletin Type 347 and S-816. When hour- 
2448-G, Ilinois Testing Labore- by-hour figures are examined, it 
tories, Inc., Room $23, 420 No. appears that the oxide seale has 
LaSalle St., Chicago 10, Illinois. far better protective power during 
the first one or two hours of ex- 
posure, but once this protective 
barrier is penetrated, the attack 
progresses as fast as though no 
oxide scale had been present. 
Ceramic coating was highly 
PRECISION ‘INSTRUMENTS protective in all tests. Results for 
FOR EVERY INDUSTRY the various alloys follow, where 
the first figure is the average loss 


(Continued on p. 174) 2743 S. Troy St., Chicago 23, Ill. 


fore more easily passed through 
the exhaust system as a vapor. 
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1 It is difficult to convince many engineers that castings need not @ 
4 second largest metals industry, reveals areas of vacuum necessarily follow the process-inherent irregularities of structure and F- 
where we might expect substance fatigue life that have survived through the centuries. Engineers wh: ao 

ile ith th “lerated stresses « loade alle castings i 

The present plight of the British Empire has been de- castings & 


To Be Weighed With the Joys of Christmas 


‘PNHE continued revelation of our human immaturity in 
| diplomatic relations with our enemies, and particularly 

our hamstringing of our military forces in the func- 
tional conquest of victory, pose most distressing thoughts 
for the New Year. Whatever the doubletalk deal with 
Communism, if still stinks 


Viewing moral degeneration at all levels of a geometri- 
cally expanding bureaucracy, we ponder on the parasitic 
load which we are passing on to the next generation 


Another year—another CHRISTMAS—has rolled by 
with increasing inflation. Inflation is another name for the 
depreciation and dissipation of sound and true values in 
savings, insurance, and earning power 


Changes in the pattern of American tradition of Yankee 
ingenuity are not satisfying. We who have led in high- 
temperature mechanism are getting our jet engine designs 
from Britain—complete with designed-in production retard- 
ations—and our “new” aircraft forging techniques from 
Germany. with an unexplained five-year lag 


That we currently have no integrated plan for parallel 
casting process development, to employ more effectively our 


scribed as a pseudo-social “homogenation”, which, failing 
in redistributing the “fat”, oxidized most and precipitated 
the remainder to the bottom. The British, however, did 
stop short of throwing away the stud book 


A solid core of British Character-Exremplified-in-Action 


its politicians, weighted by its parasites, and undermined by 
the leprosy of Communism, has strayed too far’ 


Our materialism can spell Destruction, or the Triumph 
of Freedom, in proportion to its increment of CHARACTER 
at all levels—individual, family, community, and national 


Some measure of human life is the unavoidable price o/ 
survival. To be worthy of freedom and future, bought with 
the lives of American boys, imposes a sacred obligation on 
each of us. Our rededication is imperative. We, the works 
of our forefathers, and a’l that we stand for, face trial for 
survival. Any compromise short of VICTORY, with those 
whose announced purpose is our destruction, will lead to 
CERTAIN DISASTER 


a a 


RELATIVE TO CASTINGS 


myriad functional configurations under cyclic heating-and-quenching 


operations are generally aware f the incres 


iperior perform 
ance of General Alloys castings 
In 1928. we demonstrated that fatigue fe is inversely proportiona 


to grain size, and subsequently that the integration of chemistry and 


structure by steadily advancing casting process produces casting 
the functionally trained professional engineering and man- of high integrity and superior function 
agement group, embracing all engineering arts and sciences, The extent of General Alloys’ research in process-function-life 


has not succumbed to economic or political stagnation 
They are delivering the goods, coming up with major con- 
tributions to the scientific and mechanical implementation 
of modern warfare 


Such contributions from all sources offer our major 
hope of consuming the cannon fodder of Asiatic breeding 
grounds in the narrowing time and space that separates 
them from the conquest of a fat. indolent. and degenerating 
sphere of “Freedom’ 


Consider the probability that our politicians, bureau- 
crats, and assorted saboteurs ‘“red herrings”) cannot louse 
us up beyond the expanding capacity of our engineers and 
productive industry to defend us. Given unequalled tools. 
our true strength, our children’s future, will depend upon 
our return to IDEALS, ETHICS, and MORALITY tradi- 
tional in AMERICAN CHARACTER. This nation, led by 


la 


relationship is unique in the entire casting industry to which muecl 


it is broadly applicable 


The General Alloys Exhibit, for 33 consecutive years at the Mai 
Entrance at National Metal Shows, is receiving increasing recognitior 
for its educational contribution to casting technology and to those 
who would design and use heat and corrosion-resistant castings wit! 
maximum understanding and utilization of advanced casting proce 


GENERAL ALLOYS COMPANY 
BOSTON, MASS. 


“OLDEST AND LARGEST EXCLUSIVE MFRS. OF 
HEAT & CORROSION-RESISTANT ALLOYS” 


| 
| 
i 
Of 
| 


A simple method of 
controlling temper- 
atures in: 


ertame-curing 40 
© TEMPERING available 
© FORGING in pellet 
CASTING and 
@ MOLDING liquid 
DRAWING 


© STRAIGHTENING 
HEAT-TREATING 
IN GENERAL 


it's this simple: Select the 
Tempilstik® for the working 
temperature you want. Mark 
your workpiece with it. When 
the Tempilstik® mark melts, 


the specified temperature has eg 
to 

been reached. pot 

Available in these temperatures ( F) 
13 263 | 400 950 1500 
125 275 | 450 1000 1550 
138 288 | 500 1050 1600 
150 | 300 | 550 1100 | 1650 
163 | 313 600 | 1150 | 1700 
'75 | 325 | #50 | 1200 | 1750 
pe 338 700 1250 1800 
213 350 750 1300 1850 
225 363 800 1350 1900 
238 375 850 1400 1950 
250 388 900 1450 2000 


FREE —Tempil® “Basie Guide 
to Ferrous Metallurgy" 
— 16%,” by 21” plastic-laminated wall 


chart in color. Send for sample pellets, 
stating temperature of interest to you. 


CLAUD S. GORDON CO. 


Manufacturers & Distributors 
Thermocouple Supplies + Industrial Furnaces & Ovens 
Pyrometers & Controls + Metallurgical Testing Machines 
Dept. 15 + 3000 South Wallace St., Chicogo 16, Ill. 
Dept. 15 + 2035 Hamilton Ave., Cleveland 14, Ohio 
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(Begins on p. 166) 
in thickness in mils of the unpro- 
tected alloy and the second figure 
the corresponding loss of the 
piece protected by A-417 coating. 

19-9DL: 10.1— 1.1 

Type 347: 0.2 

S-816: 6.67 0.5 

Inconel: 6.2 — 0.3 

Stellite 21: 1.0 

There appears to be no signifi- 
cant difference among the three 
ceramic coatings in these tests, ex- 
cept that A-417 seemed to have the 
best adherence. 

Uncoated specimens of all al- 
loys scaled freely in these tests. In 
most instances, corrosion of the 
protected alloys was of a pitting 
type, and a ball-probe micrometer 
was used to penetrate the pits and 
measure the remaining thickness 
of metal. 

Several of the tests at 
showed less 
corresponding 


1650° F. 
than the 
experiments at 


corrosion 


Chromium-Frit Coatings for TiC Ceramals* 


JAKLIER WORK conducted by the 
N.A.C.A. indicated that an 80% 
TiC 20° Co sintered composition 
(manufactured by Kennametal, Inc.) 
appeared to be suitable for jet engine 
turbine-blade applications, although 
oxidation resistance was insuflicient 
for long-term operation. Subse- 
quently, N.A.C.A.-sponsored work at 
the National Bureau of Standards 
revealed that a ceramic metal coating 
containing chromium metal particles 
suspended in a glassy matrix was 
effective for long periods in decreas- 
ing oxidation of this ceramal at 
1800° F. This summary describes 
further work by Moore, Benner and 
Harrison, National Bureau of Stand- 
ards, on the effect of glassy phase 
content on the oxidation resistance 
of the carbide material at) various 
temperatures, its relation to trans- 
verse rupture strength and thermal 
shock resistance. 

Four coatings were prepared with 
the chromium to glassy phase ratios 
of 100:0, 90:10, 80:20 and 70:30. The 
glass, made as a frit, contained 38% 
SiO,, 6.5°° BaO, 4% CaO, 
5% ZnO, 2.5% BeO. It is noticeably 
free from alkali oxides which might 


*Abstract of “Studies of High- 
Temperature Protection of a Titanium 
Carbide Ceramal by Chromium-Type 
Ceramic-Metal Coatings”, by Dwight 
G. Moore, Stanley G. Benner, and 
William N. Harrison, Technical Note 
2386, June 1951, National Advigéry 
Committee for Aeronautics. . 


Tests in Lead Bromide Vapors 


1500° While such 
not unusual in 
of alloys”, 


results “are 
corrosion studies 
the authors point out 
that (in their equipment) the con- 
centration of PbBr, in the furnace 
atmosphere at 1650° F. may have 
been considerably less (on the av 
erage) than in the runs at 1500" F. 

Spectrochemical analysis of the 
scale shows such small 
of lead that the authors assume 
the PbBr, has penetrated into the 
alloy structure possibly as 
mental lead. As to the mecha 
nism of attack, previous work by 
the authors indicates that PbBr, 
destroys the tight, impervious 
seale that normally forms and in- 
hibits further oxidation. 

The authors’ main conclusion 
is that “the ceramic coatings ap- 
peared to be inert to the PbBr, 
fumes and thus successfully inhib 
ited the corrosion of all the alloys 
investigated for the full test period 
of 6 br.” 


amounts 


ele- 


attack the titanium carbide 
long-time heating periods. 


during 


The coatings were applied by dip- 


ping on *% x 2's in. specimens 0.132 
in. thick. The thickness of fired 


coatings was seldom less than 3 mils 
and occasionally above 10 
Fusion was achieved by 
2200" F. 


mils. 
heating at 
in hydrogen for 10 min. 
Coated and uncoated specimens 
were oxidized at temperatures of 
1650, 1800, 2000, and 2200° F. for 400, 
200, 100 and 50 hr. respectively in 
various increments of time. Oxida- 
tion was measured by differences in 
specimen thickness before and after 
heating. The final reading was ob- 
tained on the carbide specimen after 
the chromium-frit coating and oxide 
interface had been removed by sand- 
blasting. Results indicated that low 
glass content gave best oxidation re- 
sistance at 2200° F., but high glass 
content gave best oxidation resist- 
ance at 2000, 1800 and 1650° F. 
Transverse breaking strength 
was measured on oxidized speci- 
mens prior to sandblasting. The 
coating containing the least amount 
of frit (10%) had an average 
strength that was only 11.1% 
greater than the weakest specimens 


which contained 306 frit. 
The authors conclude that the 
chromium-frit coating merits con- 


sideration for inhibiting the oxida- 
tion of sintered titanium carbide in 
high-temperature service. S$ 
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These ceramic-coated exhaust parts for Ryan Aeronautical Company 
are entering the furnace on Inconel points for firing at 1850 F. at 
plant of the California Metal Enameling Co., Los Angeles, Calif. 


Ceramic protected aircraft parts 
fired at 1850°F. on Inconel burning tools 


It takes temperatures up to 1850 F. to 
fire the protective ceramic coatings on 
aircraft exhaust parts. 


Naturally the burning tools used in 
such an operation have to be tough. Time 
after time they are sent into the furnace 
to take a high temperature beating that 
few materials can hold up under . . . for 
any length of time. 


But the tools are no problem to Cali- 
fornia Metal Enameling Company who 
fire the parts for Ryan Aeronautical Com- 
pany in Los Angeles. 


That's because they use Inconel! 


They find Inconel extremely resistant 
to corrosion and oxidation at tempera- 


tures up to 2200°F. They also find that 
Inconel’s high hot strength permits lighter 
weight fixtures with correspondingly 
lower fuel costs. 


And as a result of their findings, prac- 
tically all the burning tools and hooks in 
their plant are made of Inconel. And they 
have worked perfectly since the first fir- 
ing! 


Right now, Inconel is hard to get be- 
cause so much is being diverted to de- 
fense. But if you have a high-temperature 
metal problem in your operation, INCO’s 
High Temperature Engineers will gladly 
help you search out a solution. Write to- 
day and ask them to send you a High 
Temperature Work Sheet on which you 
can easily outline your problem. 


ww“ THE INTERNATIONAL NICKEL COMPANY, INC. 
67 Woll Street, New York 5, N.Y. 


Inconel“... 
for long life at high temperatures 
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How Accurate Is the 
Impact Test? 


(Continued from p. 71) 
were much less sensitive to hard 
ness level changes than the V-notch 
tests. This is a matter which re- 
quires consideration when specili- 
cations are being promulgated. 

6. The grave question of the 
reliability of impact tests is ines 
capable. If impact tests are speci 
fied, what consideration should be 
given to limits of acceptance”? 
Probably the first inclination would 
be to inerease the severity of 
acceptance limits as insurance. 
Would this lead to unnecessary re- 
jections which eventually must be 
reflected economically? Acceptance 
limits for some parts are now im- 
practically close to the highest val- 
ues obtainable with the best known 
practice. With few exceptions, this 
presents a very unsatisfactory con- 
dition for all concerned. 

While not referred to this 
report, the temperature at which 
the impact test is conducted is very 
important. The testing temperature 
may be in or close to the transition 
zone of the material and, if se, 


small temperature variations may 
disproportionately influence the re- 
sults. Testing at other than room 
femperature introduces additional 
sources of error. 

It must be determined what the 
test is capable of revealing about 
the serviceability of a part or about 
other qualities of the material from 
which it is made before impact 
tests are specified. If impact tests 
are then specified, those responsible 
for selecting the values should be 
aware of the test's limitations. Se 


New Uses of Gases in 
Metallurgy* 


vutiton discusses the theory 

of absorption of gases in metals, 
and mentions hydrogen and nitro- 
sen as the worst offenders. Lron 
rust contains a large amount = of 
water: Bardenheuer is quoted for 
the statement that 1% of rust in a 
10-ton bath of steel introduces as 

*Abstract of “Usefulness and Il 
Effects of Gases in Metallurgy”, by 
E. Spire, a paper presented at the 
Annual Convention of the American 
Foundrymen’s Society at Buffalo, 
¥., April 23-24, 1951. 


much as 900 ecuft. of hydrogen 
(measured under standard condi 
tions). teference ts made to the 
need of enlisting oxygen in the fight 
against hydrogen, but that deoxida 
tion removes this protection and the 
hvdrogen starts to pour into the 
molten metal from all available 
sources, until the metal has finally 
solidified in the told It becomes 
desirable, therefore, to displace this 
hydrogen immediately before pour 
ing. The work of Sims, Zapile. and 
Eastwood are referred to in connes 
tion with the hydrogen problem 

An excess of nitrogen ino steel 
induces blowholes while non 
ferrous metals nitrogen is) quite 
inert. The method of “flushing” is 
then introduced. Argon is: the 
recommended for steel, while nitro 


gen ois) satisfactory for the non 
ferrous metals. 

The following explanation is 
given of the means by which the 
inert gas removes the hydrogen 
“Suppose for a moment that) vou 
have a single bubble of argon inside 
your molten steel which is supposed 
to contain dissolved hydrogen Ph 
hydrogen existing in the neighbor 
hood of this bubble diffuses through 
the metal at high temperature very 


\ 


/ 
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ELECTRIC MELTING 
FURNACE 


... as ever, the dependable furnace for the 
production of high-grade stainless, alloy 
and rimming steels. 


Removable roof of new design now avail- 
able for the larger furnaces. 


AMERICAN BRIDGE COMPANY 
General Offices: Frick Building, Pittsburgh, Pa. 
Contracting Offices in New York, Philadelphia, Chicago, 


San Francisco and other principal cities ~ 
United States Steel Export Company, New York 


$ 
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Experimental Setup Used te Demonstrate How Size of Gas Bubbles 
Varies When Released Through a Tube and Porous Refractory Cone 


rapidly and will penetrate it until 
its partial pressure in the bubble is 
in equilibrium with its partial pres- 
sure in) solution In other words, 
this bubble, which to begin with is 
hydrogen-free, constitutes a kind of 
vacuum for the hydrogen in’ the 
metal, which will then diffuse in it 
and will be taken out as the bubble 
rises.” The author shows that 
ereater efliciency may be obtained 


if the gas bubbles are smaller and 
this leads to the special method of 
degassing he recommends. A porous 
refractory is placed at the bottom of 
the container; this may be either 
the furnace or the ladle, but prefer- 
ably the latter. Two illustrations, 
reproduced here, show a test giving 
the comparison between the use of 
a steel tube and the porous cone or 
plug. The eflicieney of the treat- 


ment is proportional to the time of 
contact of the bubble with the metal 
and surface of the bubbles, some 
thing like 10 to 1 advantage for the 
smaller bubbles being suggested by 
the comparison of the two methods. 

Not only is the method used for 
reducing hydrogen content, but tests 
with a suitable high-lime flux and 
the use of a finely dispersed neutral 
“as to bring the metal and slag into 
close contact required only 2% of 
slag to reduce the sulphur content 
of a ladle of steel by some 15 to 20 
points in 4 min, This was done in a 
o-ton ladle having an acid lining; a 
basic lining would give even better 
results. 

The same principle can be used 
to treat molten metal with chemi- 
cally active gas, to agitate molten 
metal with inert gas in order to ac- 
tivate the solution of ferro-alloys 
and get rid of products formed, or 
to homogenize a heat either chemi- 
cally or thermally. 

Although the work done with 
this process has been in connection 
with steel, there seems to be no rea- 
son to doubt that it could be applied 
to nonferrous metals, in connection 
with which much has been written 
recently on nitrogen flushing. 

J. Roast 


Marsha! 
Control 


Pone! 


Constant uniform temperature! 


Uniformity and constancy of furnace temperature is a fac- 
tor of first importance in all tensile, fatigue, creep and 
rupture tests of metals made at high temperature. The use 
of Marshall tubular furnaces assures this uniformity and 
constancy! 

This is due to the fact that the heating element coils of 
Marshall furnaces are spaced and anchored with engi- 
neering nicety. Also to zone-by-zone adjustment of tem- 
peratures by means of shunts attached to taps along the 
outside of the furnace. Marshall Furnaces and Control 
Panels can be furnished in types suitable to your needs. 
Also radial brackets in stationary and 

compensating types. Write for litera- 41% 

ture. 


MARSHALL 


PRODUCTS COMPANY 


270 W. Lone Avenue 


COLUMBUS, OHIO 4 
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q Heart for a Pressure 
ogy in Tubing” 


uces tubing to rigid specifications year 
We have the engineers, metallurgist 
nd test facilities that it takes ¢ 
o 


yme> a ca 
nd year 

mall tubing in the widest 


Bourdon 

y one research, pro Juction 4 
draw the highest quality 

analyses 

all this combination ot 

know-how 


Il it the result is 


rhe pret 
t will be yr 
ressure 

variety © 

You can ¢ 

methods and machines 
call it experience But whatever you ca 
always fine gmall tubing to do a better job for y 
ou 

UB — 2008 Germantown 


. metal- 
SUPERIOR 17 
Avenue Norristown, 
ast: Pacific Tube ¢ 
92, Calif 0-1331 


facilities, men 


mpany, 57 
pe Los An eles pany 10 Smithway St., 
xed all qubing pro Ane 


All anolyses 010" to %' OD 
Certoin analyses (035 mox wall) 
Up to 1%" 0.0 
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G-E Pyrometer Equipment Quick 
and Easy to Inspect, Maintain 


Routine inspections of new General 
Electric Type HP pyrometers can quickly 
be made. Besides making preventative 
maintenance easy, this equipment has 
many other features to provide accurate 
indication and temperature control of 
furnaces, ovens kilns, and other industrial 
heating equipment 
ACCURATE WITHIN *, OF 1‘, full scale, 
HP-3 pyrometers have automatic cold 
junction compensation that adjusts for 
changes in ambient temperature. 

Any change in temperature, even as 
small as 0.1, full scale, starts immediate 
control action. Normal changes in humid 


ity, ambient, and voltage have little or 
no effect on the exactness of control 
action 


FOUR TYPES AVAILABLE indicating, 
protecting, two- and three-position con 
trol forms; also both flush and surface 
mountings. All available in a variety of 
temperature ranges in the 0-3000 F span 

Mail the coupon for complete informa 
tion about Type HP pyrometers 


OLD 


New Shadow-proof Temperature 
Indicators Are Easier to Read 


Temperatures from 100 F to +300 F 
can now be accurately indicated and 
controlled with General Electric’s new 
line of temperature indicators. These 
instruments can be read from almost any 
angle. The dial is set forward, flush with 
the front of the case. A protruding con 
vex-type glass front provides clear illu 
mination. No more cover overhang; no 
more shadows caused by overhead light 
ing. Two sizes available—4!4- and 8%, - 
inches. Check coupon. 


GENERAL ELECTRIC 


New Resistance Thermometers Accurately 


Indicate and Control Low Temperatures 


TEMPERATURES FROM -— 100F to +300 F 
can now be accurately indicated and 
controlled with General Electric’s new 
line of resistance thermometers. They in 
dicate accurately within 44 of 1 per cent 
full scale. Any change in temperature 
equivalent to 1 10 of 1 per cent full scale 
starts immediate control action. 

Normal changes in humidity or room 
temperature do not affect the exactness of 
control. Neither does a change in control 
voltage. Sturdy, simple construction as 
sures reliable operation under severe 
operating conditions. 

NARROW TEMPERATURE SPANS, as 
small as 90 degrees, are available any- 
where in the 100 F to +300 F range. 
You can buy four types of resistance 


thermometers indicators, protectors, and 


two- or three-position controllers for 
either flush or surface mounting 
For complete information, mail the 


coupon below 


THERMOCOUPLE POTENTIOMETER meas 
ures temperature in locations inaccessible 
to glass-stem thermometers. Any number 
of different readings can be taken in rapid 
succession and accurate within * 0.2‘, 
of full scale 

Typical applications include refrigera 
tor-development work, oil-burner and air 
conditioning tests, steam temperature 
measurements, and heat-run tests on 
electric equipment. For complete in 
formation, mail the coupon below. 


THERMOCOUPLES, COMPONENTS, AND 
ACCESSORIES for your pyrometer in 
stallations include protecting tubes and 
wells, thermocouple wire, ceramic in- 
sulators, extension wire, connectors, 
heads, selector switches. Send coupon to- 
day for catalog to help you obtain proper 
thermocouple assemblies. 


Resistance Bulbs Accurate Within 
«1 F between F and +300F 


FOR ANY RESISTANCE THERMOMETER 
INSTALLATION, new G-E resistance bulbs 
offer a high degree of 
reliability. They're available either with 
completely enclosed terminal head or 
without terminal head and with four feet 
of flexible cable. Units will retain calibra 
tion within 0.1 F. For complete informa 
tion, mail the coupon below 


accuracy and 


| SECTION C602-227, GENERAL ELECTRIC | 


| SCHENECTADY 5, N.Y. 
Please send me the following bulletins | 

| Indicate: 

| \ for reference only | 
for pl g an i diate project | 

| Resistance Thermometer (GEC-835) 
Resistance Bulb (GEC-835) | 

| Type HP-3 Pyrometer (GEC-713) 

| Temperature Indicators (GEC- 
2188) 

| Thermocouples, Accessories (GEC- | 
714) 

| ] The ple P iometer (GEC- | 
245) | 

| NAME | 

| COMPANY | 

| STREET | 

| city ZONE STATE | 
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There’s a Du Pont Molten Salt Bath 


for Any Type of Case Hardening 
PLAIN CYANIDE for light cases 


FOR CASE DEPTHS to 0.010". At temperatures of 1400° to 1600°F. 
Du Pont cyanide baths supply nitrogen as well as carbon to the steel 
surface being treated. Distortion is held to a minimum. Wear resistance is 
greatly increased by the presence of nitrogen. Nitrogen pickup can be 
controlled by adjusting the temperature of the bath. Du Pont replenishing 
salts of varying cyanide concentrations permit efficient and economical 
maintenance of the bath under various operating conditions. 


ACCELERATED SALT WS* for medium cases 


FOR CASE DEPTHS to 0.040". Du Pont Accelerated Salt WS* has excel- 
lent carburizing activity from 1500° to 1650°F. Graphite cover reduces 
heat radiation and fuming . . . lowers decomposition rate. High fluidity 
of bath—with resulting reduction in salt “drag-out”’ on treated stock— 
and high cyanide concentration eliminate bail-out under normal working 
conditions. Both salts composing the bath and decomposition products 
are completely water soluble for free, easy washing. 

*WATER SOLUBLE 


CARBURIZING SALT for deep cases 


FOR CASE DEPTHS in excess of 0.025”. Predominantly carbon cases are 
quickly and economically obtained with Du Pont Carburizing Salt at 
1650° to 1750°F. Graphite cover, plus low cyanide concentration, holds 
cyanide decomposition to a minimum—even at relatively high operating 
temperatures. High-temperature operation permits rapid case penetration 


and reduces the time required for the carburizing cycle. Case depth is 
controlled and uniformity assured because of fast and uniform heating. 
“eee 


EACH OF THESE BATHS is designed to efficiently produce cases of the de- 
sired depth in the shortest possible time at the lowest possible cost. Each 
is basically simple in operation and is adaptable to mass-production tech- 
niques. They’re just three of the many Du Pont heat-treating products 
TECHNICAL ASSISTANCE and ad- that can mean top production and maximum economy for your plant. 
vice in the selection of Du Pont heat- 
treating materials can be obtained 
by writing or calling our nearest dis- 7 , 

trict office. E. 1. du Poni de Nemours et ‘ 
& Co. (Inc.), Electrochemicals De- ; 
partment, Wilmington 98, Delaware. 


7 CYANIDES AND SALTS 


DISTRICT OFFICES: FOR STEEL TREATING 


Boston * Detroit 
Charlotte El Monte 
Chicago (California) POND 
Cincinnati * New York 
Cleveland : Philadelphia BETTER THINGS FOR BETTER LIVING... THROUGH CHEMISTRY f 
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Rugged hoods of alloy earry off 
exhaust gases from the turbo-ceyclone engines on 
this latest version of the Navy "s famous Neptune.” 
bach hood withstands the severe heat and stress 
from the exhaust of six of the 18 evlinders in the 
engines. The exhaust is compressed into a single 
stream. fed through a turbine, then passes off 
through the hoods. 

One of the reasons why Muuriver alloy was 
selected for this grueling service was because it had 


proved so successful in’ gas turbines. The alloy 


TRADE-MARK 


“Hasnes” and are tradeomark« of Carbide and Corkon Corperation 


Howls on the new turbe-cv clone engines 
left) are fabricated from Mowrier alloy 
sheet by drophammer forming. <pot-weld- 


ing. fusion welding. and machining. 


stands up under high stress at temperatures at 
which other metals buckle and erack. 
Besides its many aireraft applications. 
alloy is also being used in heat-treating and ey anid- 
ing equipment and other hey spots where heat and 
oxidation cause frequent failures of most metals. 
It is available in all standard cast and wrought 
forms and can be readily fabricated by most common 
methods. For complete information on properties 
and fabricating techniques. write for the booklet. 


“Hayes Allovs for High-Temperature Service” 


Haynes Stellite Company 
Division of 
Union and Corporation 


General Offices and Works, Kokomo, Indiana 


Sales Offices 
Chicago — Cleveland — Detroit — Houston 
Les Angeles—New York —San Francisco—Tulsa 


DECEMBER 1951; PAGI 


18] 


| 
andle 
~ 
= 
= 
; 
aa 
= 
4 » 
. 
4 
} 


Pyrometer Supplies Buyers’ 
Guide No. 100-4 


IT’S NEW! 


IT’S COMPLETE! 


IT’S YOURS FOR THE ASKING! 


Here's the brand new edition of the Brown 
Pyrometer Supplies Buyers’ Guide . . . just off the 
press and designed to be even more helpful in your 
selection and ordering. 


Included are standard and special thermocouple 
assemblies, elements and components . . . protect- 
ing tubes and covers . . . thermocouple and exten- 
sion wire . . . valuable technical data and basic 
prices...and a host of other important information. 


This buyers’ guide is but part of the complete 
service available to you through your local 
Honeywell Supplies Man . . . with his HSM Plan 
for greater convenience and economy in all of your 
pyrometer supplies purchasing. Call him in for a 
discussion of your needs . . . he is as near as your 
phone. Write for your copy of this new buyers’ 
guide today! 


MINNEAPOLIS-HONEYWELL REGULATOR Co., In- 
dustrial Division, 4503 Wayne Ave., Phila. 44, Pa. 


Honeywell 
“Brown 
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GAS 
CARBURIZERS 
by 


AGF 
are 
PREFERRED 
for 


shafts, gears, crank 
shofts, large beor- 
ing races, etc. 


This is the AGF 
Model No. 13H 
Vertical Carburizer 
with an inside re- 
tort diameter of 15° 
x 32° available 
depth. Other mod- 
els up to 48" diam. 
x 56” available 
depth. 


Write for Bulletin No. 1213 


MERICAN Gas Furnace Co 


1002 LAFAYETTE STREET, ELIZABETH 4. N. J 


Gor Many Industrial Gas Wises 


NO BLOWER or POWER NECESSARY 
++. just connect to gas supply 


Designed to solve numerous Industrial Gas ap- 
plications, “BUZZER" Burners are unexcelled for 
Efficiency, Economy, Simplicity and Flexibility. 
Large variety of models available. 


Send for the “BUZZER"’ Catalog showing complete line of 
industrial Gos Burners, Furnaces ond other equipment. 


CHARLES A. HONES, inc. 


123 So. Grand Bee. 


Baldwin, 


¥ 


MEANS 
Burners 
Ring Burners 
| 


Accurate Temperature Reading 
Cuts Costs — Reduces Waste! 


: tHe NEW PYRO Cost 
Surface Pyrometer 


Here’s good news for plants and labora- 
tories who've told us they wanted a low- 
cost, rugged instrument that will give 
accurate surface and sub-surface tempera- 
ture readings under all operating condi- 
tions. The NEW PYRO Surface Pyrom- 
eter is quick-acting and fool-proof 

no special experience needed to operate it. 
Big 4° dial. Catalog No. 180 gives full 
particulars. 


e 
THE NEW PYRO 
RADIATION PYROMETER 


Tells spot temperature 
instantly — ino heat 
treating furnaces, kilns, 
forgings and fire boxes. 
No thermocouples, 
lead wires or accessories needed! Tempera- 
ture is indicated on direct-reading dial at a 
Press of the button. Any operator can use it. 
In two double-ranges for all plant and labora- 
tory needs. Write for FREE Catalog No. 100 


— 


Just sight it... 
and press the button. 


\e The Pyrometer Instrument Company 


New Plant and Laboratory BERGENFIELD 8, NEW JERSEY 
Manufacturers of Optical, Radiation, Immersion 
and Surtace for over 25 years 


The Most Complete Line of 
Gas or Oil-Fired Industrial 
Equipment 


BOILERS 
FURNACES 

VALVES 

ie BLOWERS 

BURNERS 

PRESSED STEEL POTS 


WRITE US FOR BULLETINS 
or refer to Sweet's Product 
Design or Process Industries 
/ Catalog for additional data. 


REPRESENTATIVES IN ALL PRINCIPAL CITIES 


( Eclipse Fuel Engineering Company [Guee 
1127 Buchanan St, Rockford. Illinois 


THE MOST COMPLETE LINE OF GAS-FIRED INDUSTRIAL EQUIPMENT 


it will pay you 
to call in your 
Honeywell 

Supplies Man | 
eee today! 


Wise BUYERS benefit from the provisions of 
the HSM Plan for all pyrometer supplies pur- 
chasing. Just like the buyer shown above in a 
discussion of thermocouple extension wire with ‘ 


Bud Tovig, Honeywell Supplies Man from our _~ 


New York office. 


The HSM Plan includes a realistic survey of 
your pyrometer supplies requirements, a listing 
of the specific items such as thermocouples, 
protecting tubes, extension wire, charts, etc., a 
breakdown according to planned and periodic 
purchasing, and a contract which features a 
marked reduction in your total cost. Once the 
plan starts to operate, it’s practically automatic 
... gone are the days of confused specifying. 
Call in your Honeywell Supplies Man, today . . . 
he is as near as your phone. 

Stocks maintained in Philadelphia, Cleveland, 
Chicago, Houston, Los Angeles and San Fran- 
cisco. MINNEAPOLIS-HONEYWELL REGULATOR 
Co., Industrial Division, 4503 Wayne Ave., 
Philadelphia 44, Pa. 


Honeywell 
“Brow 
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MISCO CASTINGS 


STAINLESS STEEL 


CAST TO MICROMETER TOLERANCES 


Eliminate 
EXPENSIVE MACHINING 
OPERATIONS 


PRECISION-CAST Small a Steel Parts to Finished Dimensions 


This display of Misco Precision employment to the non-forgeable 


Castings well exemplifies the wide 
range of shapes and sizes in which 
steel parts can be cast to exact- 
ing dimensions with minor or no 
finishing operations. The Misco 
Process permits the use of metals 
ranging from carbon steels, and 
stainless steels, for industrial 


super alloys for high temperature 
jet aircraft application. Misco, a 
pioneer producer, offers exten- 
sive technical experience and 
facilities for economical, large 
quantity, processing of small 
alloy steel parts to precise physi- 
cal and metallurgical requirement. 


PRECISION CASTING DIVISION 
Michigan Steel Casting Company 
|‘ One of the World's Pioneer Producers and Distributors of Heat ond Corrosion Resisting Alloys 
PunSICO} 1998 GUOIN STREET - DETROIT 7, MICHIGAN 
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need 3000 
Strap Day 


Every pound of dormant serap 
you can furnish will help to 
keep the steel mills and 


foundries producing 


Steel mill furnaces are gobbling u 
scrap faster than it’s being delivered. 
To maintain planned schedules of steel 
production for both military and civil- 
lan purposes, the mills must have 
more iron and steel scrap. 


Get in the Scrap— Yourself! 


Whatever your business, you un- 
doubtedly have scrap. If there’s dust 
on it or rust on it—it may be scrap. 
If it’s scrap—it’s needed. 


Turn it over to your local scrap 
dealer and help lick this critical scrap 
shortage. 


What you can do to help 


. Appoint one top official in your plant 


to take full responsibility for surveying 
the plant and getting out the scrap. 


. Consult with your local Scrap Mobiliza- 


tion Committee about its program to 
help out in the scrap crisis. j he nearest 
office of the National Production Au 
thority, Department of Commerce, can 
tell you who your local Scrap Mobili 
zation chairman is. 


. Call in your local scrap dealer to help 


you work out a practical s¢ rapping 
program. Non-ferrous scrap needed, too! 


4. Write for free booklet, “Top Manage- 


ment: Your Program for Emergency 
Scrap Recovery”, addressing Advertis- 
ing Council, 25 W. 45th St., N. Y. 19. 


FACTS YOU SHOULD KNOW ABOUT STEEL PRODUCTION 


Steel production 
Estimated capacity 
Purchased scrap used* 


Estimated purchased scrap requirement’. . 


*All consumers 


97,800,000 net tons 
119,500,000 net tons 
29,500,000 gross tons 
36,200,000 gross tons 


This advertisement is a contribution, in the national interest, by 
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NOT ONE 
ACME XN MAIN SHAFT 
HAS EVER FAILED! 


The eccentric type main shaft, an exclusive design of ACME XN_ Forging 
Machines for the last 15 years, is forged from Chrome nickel moly steel, properly 
heat treated to produce finer structure and greater strength. Not one has ever 
failed! @ All surfaces are precision ground, resulting in accurate, smooth 
bearing surfaces. © The ACME XN Shaft permits a large bearing area in the 
sliding head, which results in lower pressure per square inch. This design 
eliminates the troublesome, old fashioned pitman used on less modern 
machines and permits the main shaft bearings to be located closer to the 
center line than is possible with the conventional type crank shaft. This 
construction, together with the solid eccentric, eliminates main shaft 
deflection under heavy stresses, as well as the tendency to fatigue 

and ultimate failure. @ The absence of shaft deflection results in 

forgings that are accurate both as to contour and dimensions. The 

laboratory photos of elastic stress analysis comparing both types 

of shafts under equal load is illustrated below. The conventional 

crank shaft shows high localization of stresses, while the 

eccentric shaft shows practically none. The results indicate 

that the eccentric shaft will stand 300°7 more pressure than 

the crank type shaft to reach the same deflection. The 

eccentric type shaft has, therefore, much greater rigidity. 


a. 
ACME MACHINERY DIVISION e 1207 W. 65th St., Cleveland 2, Ohio 


“ACME” FORGING © THREADING © TAPPING MACHINES © ALSO MANUFACTURERS OF “HILL” GRINDING AND POLISHING MACHINES 
HYDRAULIC SURFACE GRINDERS » “CANTON” ALLIGATOR SHEARS © PORTABLE FLOOR CRANES © “CLEVELAND” KMIVES © SHEAR BLADES 
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WITH AN EYE TOWARDS NEW 
TECHNIQUES the successful use of TAM Zircon as o blasting 
grain material in several new applications demonstrates one 
of many ways in which TAM products can be used to superior 
advantage. Why not investigate the findings and products of 
TAM in your own operation. Drop us a line at our New York office. 


*TAM is a registered trademork 


TAM 
PRODUCTS 
TITANIUM ALLOY MFG. DIVISION 


NATIONAL LEAD COMPANY 


Executive and Sales Offices: 11! BROADWAY. NEW YORK CITY 
General Offices, Works and Research Laboratories: NIAGARA FALLS. WY 
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. EF CONTINUOUS STRIP LINE 
etc. This combination pow 
ion gas-fired and electric unit pr flexi tn 
ovides flexibility im con 


trolled heatin 
soaking and EFGA 
metallurgical conditi cooling, for producin S CARBURIZING F 
ons on ferrous and non-ferrous -4 various surface and tion handies several dif URNACES. This gas-fired radiant 
improved cycles 
ond reduced product unitor eff ciently 
costs. mity and product 
won contr ol— 


— 


AGING 


builds Gas- Fired, Oil-Fire d ANNEALING 


ALUMINIZING 
and Electric Furnaces for these "**7'"° 
CARBON 


and other heat treating operations. RESTORATION 
CARBURIZING 


CERAMIC 
@ EF engineers specialize in designing and building pro- DECORATING 


duction furnaces — continuous and batch types including 


DRAWING 
GALVANIZING 
HARDENING 


roller hearth, roller rail, chain belt, wire belt, slot and tube 
conveyor types, reciprocating, FOtary, car, bell, pit and other 
designs; complete with special atmosphere producers, and 
time and labor saving material handling equipment 4s required. HOMOGENIZING 

MALLEABLIZING 


NORMALIZING 


Reflecting more than 30 years of continuous research and 
experience, and outstanding engineering accomplishments, 
EF furnaces combine high heating efficiency, accurate auto- NITRIDING 
matically controlled cycles, and advanced designs that minimize SINTERING 
maintenance, assure economy of operation, high hourly output SOLUTION TREATING 


and uniformity of product. SPECIAL ATMOSPHERE 
Submit your production furnace problems to experienced TREATMENTS AND 


engineers — it pays. OTHER PROCESSES 


The Electric 


Furnace Co. 
Salem, Ohta 


Gas - Fired, Oil-Fired 
and Electric Furnaces 
For any Process, 
Product or Production 


EF CHAIN BE 
LT CON 
cost scale-free harden VEYOR FURNACES. Unsurpossed f 
af anal ond wed ing, carbon restoration and ‘or uniform, low 

per hour. 12 page builetin sizes. Capacities 


4 
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“Dag” Colloidal Graphite... 
the Hot Spot Lubricant 


“Dag” colloidal graphite dispersions overcome fric- 
tion and keep parts lubricated for action at virtually all 
temperatures experienced in metalworking ... even up 
to 5000 F. in inert atmospheres! ‘*Deag”™ dispersions 


have almost unlimited resistance to heat. 


In deep piercing operations the use of colloidal graphite 
means a smooth product ... reduced die damage. Scaling 
and sticking are minimized in forging. Tearing and 
rippling are reduced in stretch-forming. In wire-draw- 
ing, diameters are truly uniform and die life is greatly 
extended. In casting, parting is easier... casting sur- 


faces smoother. 


When a “dag” dispersion is applied to the friction 
surfaces of metal it leaves a graphoid film so thin that 
even the most sensitive gages cannot detect it. This 
lubricating film provides the metal with a surface that 
has an extremely low coefficient of friction, that resists 
oxidation, and that will function far above the burning 


point of oil. 


The new and complete booklet “Use of Colloidal Graphite 
for Metalworking Operations” is yours for the asking. 
Write today for Bulletin #426-10D. 


Acheson Colloids Corporation 
Port Huron, Michigan 
... also Acheson Colloids Limited, 
London, England 


